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DESCRIPTION 

METHODS OF PREPARING N UCLEIC ACIDS FOR 
MASS SPECTROMETRIC ANALYSIS 
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1 0 CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a continuation of U.S. Application Serial No. 60/032,369 filed 
December 2, 1996 and U.S. Application Serial No. 08/759,993 filed December 2, 1996 which is 
a continuation-in-part of U.S. Application Serial No. 08-71 5,582 fiJcd September 19, 1996. 

15 INTRODUCTION 

Approximately 4 > 000 human disorders are attributed to genetic caucus. Hundred* of 
genes responsible for various disorders have been mapped, and sequence information is being 
accumulated rapidly. A principal goal of the Human Genome Project is to find all genes 
associated with each disorder. The definitive diagnostic test for any specifc- genetic disease (or 

20 predisposition to disease) well be ihe identification of polymorphic variations in the DNA 
sequence of affected cdls that result in alterations of gene function. Furthermore, response io 
specific medications may depend on the presence of polymorphisms. Developing DNA (o: 
KNA) screening as a practical loot for medical diagnostics requires a method that is inexpensive, 
accurate, expeditious, and robust. 

25 Genetic polymorphism* and mutations can manifest themselves in several fotms, such as 

point polymorphisms or point mutations where a single base is changed to one of the three other 
bases, deletion* where one or more bases are removed from □ nucleic acid sequence and the 
bases flanking the deleted sequence are directly linked to each other, insertions where new bases 
are inserted at a particular point in a nucleic acid sequence adding additional length to the overall 

30 sequence, and expansions and reductions f repealing sequence motifs. Large insertions and 
deletions, often the result f chromosomal recombination and rearrangement events* can lead to 
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partial or complete loss of a gene. Of these forms of polymorphism, in general the most difficult 
type of change to screen for and detect is the point polymorphism because it represents the 
smallest degree nf molecular change. 

Although a number of genetic defects can be finked to a specific single point mutation 
within a gene, e sickJe cell anemia, many are caused by a wide spectrum of different mutations 
throughout the gene. A typical gene that might be screened could be anywhere from 1 T 000 to 
1 00.000 bases in length, though smaller and larger genes do exist. Of that amount of DNA, only 
a fraction of the base pairs actually encode the proteia ltese discontinuous protein coding 
regions arc called exons and the remainder of dw gene Is referred in as introns. Of these two 
types of regions, exons often contain the most important sequences to be screened. Several 
complex procedures haw been developed for scanning genes in order to detect polymorphisms. 
These procedures are applicable io both exons and introns. 

In lernis of current use. most of the methods to scan or screen genes employ slab or 
capillary B d electrophoresis for the separation and deicciicn step in the assays. Gel 
electrophoresis of nucleic acids pnmarily provides relative size information based on mobility 
through the gel matrix. If calibration standards are employed, gel c!«;rophoresis can be used to 
measure absolute and relative molecular weights ol large Womolecults with some moderate 
degree of accuracy: even then typically the accuracy is only 5°/o to 10%. Also the molecular 
weight resolution i* limited. In cases where two DNA fragments with the identical number of 
base pairs can he separated, using high concentration poiyacrylamidc gels, it is still not possible 
to identify which band on a gel corresponds to which DNA fragment without performing 
secondary labeling experiments. Thus, gel electrophoresis techniques can only determine size 
and cannot provide any information about changes in base composition or sequence without 
performing more complex sequencing reactions. Get-based techniques, for the most part are 
dependent on landing or staining methods to visualize and discriminate between different 
nucleic acid fragments. 

AH of the methods in u*: today capable of screening broadly for genetic polymorphisms 
suffer from technical complication and are labor and time intensive. Single strand 
conformational polymorphism (S55CP) (Orita et al. 1989). denaturing gradient gel 
electrophoresis (DOGE) (Abrams rtal^ 1990), cnemieal cleavage at mismatch ICGM) (Saleeba 
and Cotton, 1993), enzymatic mismatch cleavage (EMC) (Youil tt at.. 1995), and °cleavasc" 
fragment length polymorphism (CFLP) procedures are currently gel-based, making them 
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cumbersome to automate and perform efficiently. There is a need for new methods that can 
provide cost effective and expeditious means for screening genetic material in an effort to reduce 
medical expenses. 

The laic 1980's saw the rise of twn new mass spectrometry techniques for successfully 
measuring ihe masses of intact very large biomolecules, namely, matrix-assisted laser 
desorptioitfionization (MALDI) time-of-flight mass spectrometry (TOP MS) (Tanaka ctaL, 
1988; Spenglcr 1989) and elceirospray ionization (ESI) combined with a variety of mass 
analyzers (Fenn at «/„ J 989). Both of these methods are suitable for genetic screening tests. The 
MALDI mass spectrometry technique can also be used with methods other than time-of-flight, 
fOT example, magnetic sector, Fourier-transform ion cyclnrron resonance* quadrupolc, and 
quadmpole trap. One of the advances in MALDI analysis of polynucleotides was the discovery 
of Vhydrvxypicolinic acid ("3-HPA ") as a matrix for mixed-base oligonucleotides (Wu, e/<j/„ 
1993). 

MALDI-TOF MS involves laser pulses focused on u small sample plate comprising 
analytc molecules (i.e. nucleic acids) embedded in either a solid or liquid matrix which is 
typically a small, highly absorbing material. The laser pulses transfer energy lo the matrix 
causing a microscopic ablation and concomitant ionization of the analyte molecules, producing a 
gaseous plume of intact, charged nucleic acids in single-stranded form, ir double-stranded 
nucleic acids are analyzed, die MALDI-TOF MS typically results in mostly denatured stngie- 
strand detection. The ions generated by the laser pulses arc accelerated to a fixed kinetic energy 
by a strong electric field and then pass through an electric field-free region in vacuum, traveling 
with a velocity corresponding to their respective mass-to-charge ratios (m/z). Thus, the smaller 
ra/z ions will travel through the vacuum region faster than the larger m/z ions thereby causing a 
separation. At the end of the electric field-free region, the ions collide with a detector that 
generates a signal as each set of ions of a particular mass-to-charge ratio strikes the detector. 
Usually for a given assay, 10 lo 100 mass spectra resulting from individual laser pulses are 
summed together to make a single composite mass spectrum with on improved Rignai-to-noisi: 
ratio. 

The mass of an ion (such as a charged nucleic acid) is measured by using its velocity to 
determine die mass-to-chaxgc ratio by uxnoof-flight analysis. In other words, the mass of the 
molecule directly c rrelates with the time it takes lo travel from the sample plate lo the detector. 
The entire process takes only microseconds. In an automared apparatus, tens to hundreds of 
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samples can be analyzed per minute. In addilion to speed, MALD1-TOF MS has one of the 
largest mass ranges for mass spectromctric devices. The cuirem mass range for MALDI-TOF 
MR is from J to 1.000,000 Dattons (Da) (measured recently for a protein) (Nelson et 1995). 

The performance of a mass spectrometer is measured by its sensitivity, mass resolution 
and mass accuracy. Sensitivity is measured by the amount of material needed; it is generally 
desirable and possible with mass spectrometry to work with sample amounts in the femtomole 
and tow picomoic range. Mass resolution, m/Am, is the measure of an instrument's ability to 
produce separate signals from ions of similar mass. Mass resolution is defined as the mass, m, of 
an ion signal divided by the full width of ihe signal- Am- usually measured between points of 
half-maximum intensity. Mass accuracy is the measure of error in designating a mass to an ion 
signal The mass accuracy is defined as the ratio of the mass assignment error divided by the 
mass of the ion and can be represented as a percentage. 

To he able to detect any point polymorphism directly by MALDf-TOF mass 
spectrometry, one would need to resolve and accurately measure the masses of nucleic acids in 
which a single base change has occurred {in comparison to the wild type nucleic acid). A singic 
base change can be a mass difference of as tittle as 9 Da. This value represents the difference 
between the two bases with the closest mass values, A and T (A ^ 2'-deoxyadenosine-S«- 
phosphatc - 313.19 Da- T« ^eox^hymidirtco'-phosphatc - 304.20 Da; O 
deoxyguanosine-S'-phosphatc ~ 329.21 Da; and C - 7'-deoxycytidine-5 -phosphatc « 289.19 Da), 
If during the mutation process, a single A changes to T or a single T to A* the mutant nucleic 
acid containing the base transversion will either decrease or increase by 9 Da in total mass as 
compared to the wild type nucleic acid. For mass spectrometry co directty detect these 
transversions. h must therefore he able to detect a minimum mass change. Am* of approximately 
9 0a. 

For example, in order to fully resolve (which may nat bz necessary) a paint-mutated 
(A to T or T to A) Jieterozygote 50-base single-stranded DNA fragment having a mass, m. of 
- \ 5,000 Da from its corresponding wild type nucleic acid, the required mass resolution is m/Am 
= 15.000/9 * 1,700- However, the mass accuracy needs to be significantly better than 9 Da to 
increase cualiry assurance and 10 prevent ambiguities where the measured mass value is near fc Jie 
half-way point between the two theoretical masses. For an analyte of 15,000 Da, in practice the 
mass accuracy needs to be Am - ±3 Da - 6 Da, In this case, the absolute mass accuracy required 
is (6/1 5.000)* 100 « 0.04%. Often a distinguishing level of mass accuracy relative to another 
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known peak in the spectrum is sufficient to resolve ambiguities. For example, if there is a known 
mass peak 1000 Da from the mass peak in question, the relative position of the unknown to the 
known peak may be known with greater accuracy than that provided by an absolute, previous 
calibration of the mass spectrometer. 

In order for mass spectrometry to be a useful tool for screening for polymorphisms in 
nucleic acids, several basic requirements should be met, First, any nucleic acids to be analyzed 
should be purified 10 minimise the presence of salt ions and other molecular contaminants. 
These impurities may reduce the intensity and quality of the mass spectrometry signal to a point 
where chher (i) the signal is undetectable or unreliable, or (ii) the mass accuracy and/or 
resolution is below the value necessary lo detect the type of polymorphism expected!. Second, 
the sUc of the nucleic acids to be analyzed should be within the range where there is sufficient 
mass resolution and accuracy. Mass accuracy and resolution significantly degrade as the mass of 
the aualyic increases. Currently, the detection of single nucleotide polymorphism* (SNPs) above 
said mass vuJue is difficult above a mass of approximately 30,000 Da tor oligonucleotides 100 
bases). Third, because all molecules within a sample are visualized durinu mass spcctrumctric 
analysis (i.e. it :s not possible to selectively label and visualize certain molecules and not others 
as one can with jjcl electrophoresis methods), nucleic acid samples should be partitioned prior to 
analysis co remove unwanted nucleic acid products from the spectrum. Fourth, the mass 
spectrometric methods for generalized nucieic acid screening must be efficient and cost effective 
in order to screen a large number of nucleic acid bases in as few steps as possible. 

ihe methods Air detecting nucleic acid polymorphisms known in ihc ait do not satisfy 
these four requirements. For example, current methods for mas* spectrometry analysis of DN A 
fragments have focused on double-stranded ONA fragments which result m complicated mass 
spectra, making it difficult to resolve mass differences between two complementary strands (see, 
*.>,'., Tung cfaL, 1994). Thus, there is a need for com and time effective methods of detecting 
genetic polymorphisms using mass spectrometry, preferably MALDI or ESI. and with mass 
accuracy of a few parts in 10.000 or better, 

SUMMARY OF THE INVENTION 
This invention provides novel methods and kits for the screening of target nucleic acids 
and the identification or changes in base composition that might result from a generic 
polymorphism. The present invention disclose? novel processes focusing on the use of mass 
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spectrometry as a genetic analysis loo) and employing the unique properties of mass 
spectrometry and MALDl-TOF MS. in particular, to separate different amplified single-stranded 
target nucleic adds and identify their mass exactly. Significantly, mass spectrometry requires 
only minute samples, provides extremely detailed information about the molecules being 
5 analyzed including high mass accuracy, and is easily automated. 

The present invention encompasses several embodiments, such as (1) procedures for 
reducing the length of target nucleic acid* by removing one or more flanking polynucleotide 
regions thac ""flank/ or arc adjacent to or near, the regions of interest; (2) procedures for isolating 
either single-stranded or dnuhle-stranded target nucleic acids for mass spectrometry analysis; (3) 

10 procedures combining these t*o aspects: and (4) kits for the methods described herein. 

The present invention encompasses several embodiments, such as (1) procedures for 
preparing a double-stranded target nucleic acid for mass spectrometry analysis; (2) procedures 
for determining the mass of target nucleic acids, where the target nucleic ucid may be cither 
singk-Slrandcd or double-stranded; and (1) kits tor preparing a double-stranded target nucleic 

15 acid fur mass spectrometric analysis. It will be understood by those of skill in die an ihat where 
the nucleic acid is double-stranded, the two strands are complementary ro each other and are 
connected via hydrogen bonds alonjj the strands. 

An embodiment of the present invention encompasses a method of determining this mass 
of a target nucleic acid by mass spectrometry analysis. This method generally includes: 

20 identifying a target nucleic acid; reducing the lengti of the target nucleic acid by cleaving at leasE 
a portion of one or more of the flanking regions to produce a reduced-length target nucleic acid; 
obtaining a single-stranded reduced-length target nucleic acid; and determining the mass of the 
single-stranded reduced-length largci nucleic acid using a mass spectrometer. Typically, the 
target nucleic acid will contain a region of interest and one or more flanking regions. 

25 A preferred embodiment encompasses amplifying the target nucleic acid prior to reducing 

the length of the larget nucleic acid to produce an amplified target nucicic acid. The amplified 
target nucleic acid may be subsequently reduced in length and obtained in angle-stranded form, 
free of its complement, for mass spectral analysis. The target nucleic acid may be amplified by 
any method known by one of skill in the art. for example, polymerase chain reaction ("PCR™ M , 

30 with PCR m beinfi a preferred amplification method. These methods arc well known by those of 
skill in Ihe art. 



WO 98/12355 „ PCI7U5*7/17t01 

7 

It is contemplated that one of skill in the art may use the methods of this invention to 
analyze more Own one target nucleic acid simultaneously. As used herein V 4 will be 
understood u> mean one or more. Thus, "a target nucleic acid" may refer, for example, to one, 
two, three, four, five or more target nucleic acids. Aspects of this invention, therefore, include 
determining the mass of one single-stranded reduced-length target nucleic acid as well as 
determining the masses of multiple single-stranded reduced-length target nucleic acids 
simultaneously or in seriatim. Where the masses of multiple single-stranded rcduccd-lcngth 
laigct nucleic acids are being determined, each of the target nucleic acids may be reduced in 
length by the same or a different method. Similarly, die single-stranded reduced-length target 
nucleic acids may be obtained from the reduced-length target nucleic acids by the same or 
different methods. For example, if two target nucleic acids are identified, or selected, for 
analysis, then these two target nucleic acids may both be reduced in length by an enconuckasc. 
or one may be reduced in length by an endonucleasc and the oiher by cleaving at a chemically 
cicavable site, and so on. 

The target nucleic acids encompassed by this invention will generally contain a region of 
interest and one or more flanking regions. A "region of interest" refers to the region for which 
one is interested in determining the mass. For example, when the methods disclosed in this 
invention are employed to detect or .screen for polymorphisms, the region of interest would be 
the region containing, or that is suspected of containing, a polymorphism. The Hanking regions 
are the portions of DNA sequence on cither side of die region of interest 

For embodiments employing PCR™ primers and polymerases to amplify a target nucleic 
acid, the primer is often complementary to a portion of one or more Hanking regions of the target 
nucleic acid to allow the primer to effectively anneal to the target nucleic acid and provide a site 
to extend a complement to the target nucleic acid via PCR™. Therefore, for the methods 
comprising amplification, it is preferred that at least one nf Ihe primers is complementary in a 
portion of a flanking region that is preferably adjacent to or close to :he polynucleotide region of 
interest, generally within 40 nucleotides. 

When the methods of this invention are used to detect a polymorphism, die target nucleic 
acids employed in this invention may include any polynucleotide sequence thai contains or is 
suspected of containing a polymorphism, including but not limited to short tandem repeats 
(STRs), simple sequence tcngth polymorphisms (SSLP). single nucleotide polymorphisms 
(SNPs), and any of a multitude of disease markers, for example, markers for sickle cell anemia. 
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fragile X disorder, cystic fibrosis, Tay Sachs disease, Gaucher disease, thalassemias, and cancer- 
related genes. While the target nucleic acids fur use in conjunction with the present invention 
may be double* or single-stmnded, it is preferable that the nucleic acids be obtained in single- 
stranded form, free of its complementary strand prior to MS analysis. These single-stranded 
target nucleic acids may be any size that can be adequately resolved by mass spectrometry 
analysis. Preferably, in cases where a SNP is i» be detected, the final product single-stranded 
amplified target nucleic acids are less thai; about 100 bases in length. More preferably, tfie final 
product single-stranded amplified target nucleic acids are from about 10 to 90 bases in length. 
As used in this context, "about" means anywhere from J. 1 to 10 base pairs, and all the integers in 
between, for cxampie, ±1 , +2, +3, ±4, ±5, ±6, ±7, ±8> ±9, or ±10 base pairs. 

However, one of ordinary skill in the art will appreciate that as mass spectrometry 
techniques for analysis of nucleic uritls improve, ike sizes of single-sirandcd amplified target 
nucleic acids useful in this invention can be increased. The nature of the mutation to be detected 
is ako a facta: in the size limitations for optimum mass resolution. For example, as described 
above for SKPs, the maximum size limit may be approximately 1 00 nucleotides in length. 
However, for microsateilite repeats and other two nucleotide repeats, the maximum size limit 
may he approximately 200 nucleotides in length, and ihe maximum size limit for four- nucleotide 
repeats may be approximately 300 nucleotides. 

The target nucleic acids of this invention may be either double-stranded or single- 
stranded. As used herein, the phrase "obtaining a smgie-stranded reduced-length target nucleic 
acid'' refers to isolating a single-stranded nucleic acid free from its complement for purposes of 
mass spectral analysis. Where the target nucleic acid is single-stranded. i( will be understood by 
those of skill in the art that no further steps arc required to obtain the single-stranded reduced- 
length target nucleic acid from the reduced-length target nucleic acfci However, where the target 
nucleic acid is double-stranded* one of the two complementary strands must be separated or 
isolated from the other xuch that only one of the two strands is subjected to mass spectrometry, 
e -ft i by binding one of the strands to a soiid support denaturing the double sanded nucleic acid 
and isolating either the bound or unbound strand tree from its complement. This allows for 
greater mass resolution, simplifies the spectrum, and eliminates the collection of cumulative 
information. 
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The term complementary refers t the formation of sufficient hydrogen bonding between 
two nucleic acids to stabilize a double-stranded nucleotide sequence formed by hybridization of 
the two nucleic adds. 

The methods for reducing the length of target nucleic acids eliminate unnecessary 
5 sequences and reduce the mass of the resulting single-stranded or double-stranded target nucleic 
acids, resulting in increased mass resolution and accuracy. 

Fxcmplary methods of reducing length include: cleaving at endogenous restriction 
endonuclease cleavablc sites present in one or mcire flanking regions but absent in the region of 
interest: cleaving at restriction endonuclease cieavable sites which arc at or adjacent to restriction 

10 endonuclease recognition dies incorporated into one or more of the flanking regions where the 
cleavablc sites arc introduced into the flanking regions using of one or more ctcavable primers 
containing restriction endonuclease recognition sites within their sequences; cleaving at a 
combination of restriction endonuclease cieavable sites where the sites arc endogenous and/or 
introduced using mismatch or overhanging primers; selective digestion of one or more flanking 

15 regions using cxonucleasc and wn exonuclcase blocking moiety to protect the regions of interest 
from digestion: and chemically cleaving at a chemically cleavablc site. For embodiments where 
cieavable sites are employed, the cieavable sites are often located in or near a flanking region. 
However, the target nucleic acids may be reduced in length hy any nf the methods known by 
those of .skill in the an for cleaving within one or more flanking regions preferably without 

20 cleaving within the region of interest. 

Another aspect of the invention invokes the use nf deavable primers to reduce the length 
of an amplified target nucleic acid. An amplified target nucleic acid may be reduced in length by 
cleaving at least a portion of one or more of the flanking regions having a cieavable mile. In this 
context, the cieavable site may be introduced via a cieavable primer and may he located outside 

25 of the region of interest. Cieavable primers of the invention may include those having an 
exonudease blocking moiety, a Type IIS restriction endonuclease recognition site- a Type II 
restriction endonuclease recognition site, and sites capable of being chemically cleaved. 

'the restriction endonucleases employed with the present invention may include type II 
and type IIS restriction endonucleases. The restriction endonuclease recognition sites may be 

30 either within a primer region, or outside the primer region, so long as the restriction 
endonuclease deavable sizes are within or near one or more of the flanking regions. The 
restriction endonuclease recognition sites are preferably not within n region of interest For type 
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11 restriction endonucleases, Ihe restriction endo nuclease recognition site is the same as the 
restriction endonuclease cleavable site. For Type IIS restriction endonudeases, the cleavable bile 
is at a defined distance away from one side of the recognition site usually from about 14 to about 
20 base pairs away. Thus, if the Type IIS recognition site is contained within a flanking region, 
the endonuclease cleaving site must he within about 20 bases of that flanking reginn and is 
preferably within 14 about bases of that flanking region. Thus, the term "near 0 as employed in 
this aspect of the invention means "within about 20 bases." 

Another embodiment of the invention involves reducing the length of an amplified target 
nucleic acid end isolating a single-stranded amplified targei nucleic acid at the same time by 
using a cleavable primer having an exonuclease blocking moiety. After amplification of the 
target nucleic acid, the amplified target nucleic acid will include an exonuclease blocking 
moiety. The amplified target nucleic acid is then treated with a 5* to 3' exonudcase. which 
degrades the strand containing the exonuclease blocking moiety in a ? to 3' direction only up to 
the blocking moiety. The 5* to 3' exonudcase may optionally degrade the other complementary 
strand of the amplified target nucleic acid, in cases where the other strand dues not have an 
exonuclease Mocking moiety. The Treatment with the 5 1 to y exonuclease leaves a reduced- 
length, single -stranded amplified target nucleic acid for mass spectromemc analysis, 

Cleavable sites within cleavable primers may include chemically cleavahtc groups 
incorporated within the phosphate backboue linkage (*.g. replacement of phosphate with a 
phosphoramidate) or as a substitucnl on or replacement of one of the bases or sugars of the 
oligonucleotide primer (r.* a modified base or sugar, for example, a more labil? glycosidic 
linkage). Such chemically cleavable groups would be apparent to one of skill to the an in light 
of the present disclosure and include, for example, dialkoxysilane, 34SH>hosphorothioate, 5'- 
(S>phosphorothiiiate. 3 , -(N)-phosphoroamidate I 5 l -<N) phosphoroarnJdatc > and rihose. FIGS. 
I6A and 16B depict a 3HS)-phosphnmtbioate and 5^(S^phosphorotluoaie, respectively as 
de&ned in this invention. Note that these linkages are often referred to as thiopho*pbatcs as well. 
A similar nomenclature is employed for 3'-(N)-phosphoroatnidale, 5 , -<rv(Vphosphoroamtdatc. 
The chemically cleavable site should generally be staWe under the amplification, hybridization 
and washing conditions to be employed and is preferably within one or more of the flanking 
regions. 

In a preferred embodiment, the clcavabk site is located near the 3' end of the primer used 
t bind the amplified target nucleic acid to the solid support. By locating the cleavable site near 
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the -3' end, it is possible 10 farther reduce the length of the amplified target nucleic acid, 
eliminating a flanking region from the polynucleotide region of interest. Clcavable primers are 
described in PCT/US96/061 16, filed April 26, 1996 (incorporated herein by reference). 

Accordingly, clcavable primers may contain one tir more restriction recognition sites of 
one or more different restriction cndonucleases; one or more clcavable sites of one or more 
different restriction endotiucleases; one or more exonuclease blocking moieties; ore or mote sites 
capable of chemical cleavage; or a combination thereof 

The present invention also provides methods for obtaining single-stranded or diwble- 
strauded amplified target nucleic acids. The isolation methods include direct attachment of one 
of the two strands of a double-stranded amplified tuTget nucleic acid or a set of such molecules, 
to a solid support The isolation methods further include indirect attachment of a single-stranded 
or double-stranded amplified target nucleic acid, or a set thereof, to a solid support via an 
attachment capable of attaching to a solid support via covalent or noncovalcnt attachment. 
Mediods of direct attachment include for example, hiotrn/avidin imeractions. as well as other 
methods known by those of skill in the art 

for example, in one embodiment, a strand of an amplified target nucleic acid may he 
hound or attached u> a solid support to permit rigorous washing and concomitant removal of salt 
adducw, unwanted oligonucleotides and enzymes. Hither a double-stranded amplified target 
nucleic acid or a jmgle-strandcd amplified target nucleic acid may be isolated for mass 
spectrometric analysis. The single-stranded amplified targei nucleic acid analyzed by MS may 
be cither the strand bound or not bound to the solid support. 

When the unbound strand is used for MS analysis, it is typically purified by first washing 
the bound strand and its attached complement under conditions not suflkiendy rigorous to 
disrupt the strand's attachment to its bound complement. Alter unwanted biomoleculcs and salts 
3re removed, the complement may then be released under more rigorous conditions Isee HG. 
II). 

In contrast, when the bound strand is to be analyzed, it is typically washed under more 
vigorous conditions such that the interactions between the bound strand and its unbound 
complement is disrupted. litis allows the unbound srand to be washed away with the other salts 
and unwanted biomolccules. Clcavable linkers or clcavable primers may be used io release the 
bound strand from the solid support prior to MS analysis. 
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The isolation mahods described herein provide significantly improved mass resolution 
and accuracy in large mass ranges. Such isolation «,f either single-stranded or doublostranded 
amplified target nucleic acids generally occurs prior to the application of the nucleic acids to the 
matrix solution, resulting in well-defined mass spectral peaks and enhanced mass accuracv. The 
matri* solution can be any of the known matrix solutions used for mas, spectrometry analysis, 
including 3-hydroxypicolinie acid ("3-HPA"), nicotinic acid, picolinic ftc id, 2.5- 
dihydroxyben7©ic acid, and nhropiienol. 

The reducing and obtaining steps may occur consecutively in any order or 
simultaneously. Thus, this invention encompasses (i) reducing the length u r a target nucleic acid 
prior to isolating the single-stranded reduced-length target nucleic acid from its complement acid 
to obtain the single-stranded reduced-length target nucleic acid: (ii) isolating a single-strand of 
.he full-length target nucleic acid free from its complement end then reducing the length of the 
single-stranded target nucleic acid to obtain ihe single-stranded reduced-lengih target nucleic 
acid; (iii) simultaneously reducing the length of the target nucleic acid and isolating it free from 
its complementary strand acid lo obtain the single-stranded reduced-length target nucleic add; or 
(iv) any combination of the above steps so long as acid a single-stranded reduced- length target 
nucleic acid is obtained free of its complementary strand prior to mass spectral analysis. 

Another aspect of this invention encompasses a method of determining the ma** of a 
^rget nucleic acid, where the target nucleic acid generally contains a first strand „nd a second 
complementary .strand. The method of the invention include.,: identifying a iargct nucleic acid; 
amplifying the target nucleic acid prior to reducing the length of the target nucleic acid to 
produce an amplified tanjet nucleic acid; reducing the length of the target nucleic acid by 
cleaving at least . portion of one or more of the flanking regions to produce a teduced-Jength 
target nucleic acid; obtaining a single-strandcd reduced-length target nucleic acid, and 
determining the mass «,f the single-stranded reduced-length target nucleic acid using a mass 
spcetremcter where the target nucleic acid further comprises a region of interest and cue or more 
Hanking regions and where the obtaining step comprises attaching the first .strand of the 
amplified targe, nucleic acid to a solid support and separating the first sound from the second 
strand to produce a bound first strand and an unbound second strand, m this embodiment, Ihe 
mass of the unbound second strand is determined. 

The present invention additionally encompasses primers and methods for using primers 
that are capable of being "attached" or bound to a solid support. Generally, this is accomplished 
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by attaching a binding group or moiety to the primer or to a modified nucleotide during 
amplification, where the binding group or moiety is capable of attaching or binding the 
oligonucleotide to the solid support. This binding moiety may be attached to the oligonucleotide 
primer or amplification product either directly, through an intervening linking group or by 
specific hybridization to an intermediary oligonucleotide which is itself bound to a solid support. 
Binding moieties include functional groups for covalcnt bonding to a solid support, ligands that 
attach to the solid support via a high-affinity, noncovatent imeracuon (such as biotin wi* 
strcptavidini, a series of bases complementary 10 an intermediary oligonucleotide which is iisclf 
attached to the solid support, as well as other means that are well-known to tliose of skill in the 
art. such as those described in PCT WO 96/37630, incorporated herein by reference. 

I Tie first strand is typically separated from the second strand by washing under conditions 
rigorous enough to disrupt the double -stranded base pairing structure, but not rigorous enough tn 
disrupt the attachment of the bound first strand to the solid support. The solution-phase (or 
washings) containing the unbound strand can then be prepared for mass spectral analysis. 

Cleavable primers and sites as discussed above arc also employed in this embodiment. 
However, the cleavable site should preferably not be between the binding moiety, i.e. the group 
attaching the first bound strand to the solid support, and the region of interest. Alternatively, the 
cleavable site should be incorporated into the second strand only, and not into the first strand that 
is to be attached to the solid support. 

A preferred embodiment encompasses die use of a cleavable primer having a chemically 
cleavable group of 3'-(S)-phosphoroiluuate or 5^S)-phosphOTOthioatc where the first strand is 
biounylated and bound to a solid support via a biotinravidin interaction (i.e. where Mreptavidin 
beads are used for a solid support). It is also preferable Co employ mass-modified nucleotides 
with this aspect of the inveniion- 

Altcmatively, the obtaining step may include (a) attaching die first strand of the amplified 
target nucleic acid to a solid support, (b) separating the first strand from the second strand to 
produce a bound first strand and an unbound second strand, (c) removing the unbound second 
strand, and (d) releasing the bound fust strand from the solid support to produce a single- 
stranded reduced-length amplified target nucleic acid for mass spectral analysis. In this 
embodiment, the mass or the bound first strand is determined using a mass spectrometer. 

Several methods may be employed to release the reduced-length single-stranded 
amplified target nucleic acid from th solid support. Generally, the methods used must either 
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emptoy reversible chemical interactions between the blading group and the solid support, that is, 
a h cfeavablc linker," or a separate chemically or enzymatrcally cleavablc site somewhere within 
the bound product. Thu$, ihese methods for releasing the hound strand include all of the 
methods that may he used for reducing the length of the hound strand as well. For example, an 
cxonuclease blocking group, endunuclease recognition site, or a chemically cleavabJe site may be 
incorporated into the bound strand between the binding moiety and the region of interest, 
cleaving at one of these sites through use of an exonuclease, cndonuclease, or a chemical agent 
accomplishes both the releasing and the reduction in length simultaneously. When more than 
one target nucleic ncid is identified for analysis, ihe target nucleic acids may be released and 
analyzed at the same time or consecutively, 

This invention also encompasses methods for release that do not include reducing the 
length of the amplified or unamplified target nucleic acids depending on the method used to bind 
the amplified target nucleic acid to the solid support. For example, both the hybridization and 
biotin/stteptavidin methods employ means such as denaiuraiion to disrupt the noncovalent 
interactions and cause the release of the bound singJc-slranded target nucleic acids. It may be 
preferred to use a chemically clcavable &ite with the biourvstrepiavidin method so that relate u f 
the target nucleic acids can be performed under relatively mild conditions 

Another embodiment of this invenUnn encompasses a method of preparing u double- 
sraided target nucleic acid for mass spectrometry analysis, This method generally includes 
comprising; amplifying a target nucleic acid to produce an amplified target nucleic acid; 
attaching the first strand of the amplified target nucleic acid to e solid support to produce a bound 
first strand and an unbound second strand: removing, or detaching the unbound second strand 
from the bound first strand; releasing the bound first strand from the solid support Ui form a 
single-stranded ampUficd target nucleic acid; and determining the mass of the singlc-tfranded 
amplified target nucleic acid using a mass spectrometer where die amplified target nucleic acid 
comprises a first strand and a second complementary strand In this embodiment, the unbound 
second strand is typically removed from the bound first strand by denaturing and washing. 

A preferred embodiment encompasses employing a clcavable linker during die releasing 
step, wherein the determining step preferably does not involve sequencing the amplified target 
nucleic acid. 

The present invention also provides methods of detecting polymorphisms in one or more 
target nucleic acids. This embodiment generally includes; amplifying at least one target nucleic 
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acid; reducing (he length of at least one of the amplified target nucleic acids comprising cleaving 
off a portion of one or more flanking regions, and determining the masses of each of the reduced- 
icngtb amplified target nucleic acids using a mass spectrometer wherein said amplified target 
nucleic acid comprises a region of interest and one 01 more flanking regions. This method may 
he used to detect polymorphisms in a single target nucleic acid compared to a wild type target 
nucleic acid by detecting variability in mass. Other "alleles" of the target nucleic acid may also 
be delected using the methods of the invention. 

In the present disclosure, "wild type" is the standard or reference nucleotide sequence to 
wfiich variations are compared. Thus, by definition, any variation from wild type is considered a 
polymorphism, including naturally occurring sequence variations and pathogenic mutations. 

In another embodiment, method* arc provided for detecting polymorphisms in at least 
one target nucleic acid. These methods may include' amplifying at least one target nucleic acid; 
isolating either a positive or negative strand of the amplified target nucleic acid to form a single- 
stranded amplified target nucleic acid; and determining the masses of each single-stranded 
amplified target nucleic acid usinp, a mass spectrometer where the amplified target nucleic acid 
comprises a region of interest and one or more flanking regions. 

In yet another embodiment, methods are provided for detecting polymorphisms in at least 
one target nucleic acid by amplifying at least one target nucieic acid: reducing the length of at 
least one of the amplified target nucleic acids comprising cleaving off a portion of one or more 
flanking regions; isolating either a posiuvc or negative strand of said amplified target nucleic 
acid to form an amplified target nucleic acid; and determining the mass of each single-stranded 
amplified target nucJc:c acid using a mass spectrometer where the amplified target nucieic acid 
comprises a region of interest and optionally one or more flanking regions 

The methods described in the present invention may also be used lu detect 
polymorphisms in a set of different target nucleic acids. In this context . the methods should 
generally include; amplifying each of the target nucleic acids; reducing the length and/or 
isolating a single-strand of each of said amplified target nucieic acids; and determining the mass 
of each of the single-strands of said amplified target nucleic acids using mass spectrometry. 
Thus, these methods can be used to detect polymorphisms in a plurality of different target 
nucleic acids simultaneously. 

Using the methods described herein, one can uniquely identify a genomic .sample by 
amplifying the target nucjeic acids; isolating single-stranded amplified target nucleic acids: and 
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detcnnining the masses of the siiiRle-toanded amplified target nucleic acids using mass 
spectrometry. The resulting mass determination or mass spectrum may provide uiformation 
«,iiich may be used to indicate a disease stale, or propensity to disease, uniquely identify the 
source of the sample, or map locations in a genome. 

In yet another embodiment, methods are provided for detecting polymorphisms in at least 
oik amplified target nucleic acid further comprising removing at least one flanking 
polynucleotide region, if present, from at least one of the amplified target nucleic acids before 
the isolating step. 

In a further embodiment, methods for detecting polymorphisms ure described wherein the 
isolating step comprises binding the amplified target nucleic acid to a solid support and the 
removing step comprises using one or more restriction endomtcleascs lo cleave »iT one or more 
flanking polynucleotide regions. 

The mass of a preferably single-stranded amplified targLi nucleic acid may h« compared 
with the known or predicted mass of the corresponding wild type single-stranded amplified target 
nucleic acid, that is. the wild type version of the target nucleic acid that is being screened for 
polymorphism. Alternatively, the masses of more than one amplified target nucleic acid can be 
compared with the known or predicted masses of the corresponding wild type amplified target 
nucleic acids. 

The amptffied target nucleic acid or set thereof, can optionally have one or more 
nucleotides replaced with ma^-modificd nucleotides, including mass-modified nucleotide 
analogs. For example, FIG. 2A and FIG. 2D illustrate the increase in resolution for a A to I 
mutation where the masvtnodificd nucleotide hept>-nyldeoxyuridine h*s been used in place oi T 
during PCR amplification The use of this mas-modified nucleotide results in a separation «f 
mass spectral peaks of 65 mass units instead of only 9 ma** units. As this example illustrates, 
mass-modified nucleotides of the present invention may tffect substantial increases in spectral 
resolution with only relatively small modifications in mass. Other examples of jnass-modificd 
nucleotides useful in the present invention include 5-(3-aminoal|yl)-2'.dUTP. 5-bromo-dCl |\ 5- 
iodo-dCTP. 7-methykiGTP. 7-dcaawiGTP, dITP, S-bromo-dUTP. l^theno-dATP, 5- 
mercun-dCTP. aminomemyl«,iimarin-6-dtriP. biotia-16-dUTP. 5-methyl-dCTP, 7-dca?a- 
dA TP. alphathio-dNlPs, no-aminohexyl-dATP. 5-iodo-dln P. 
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Another optional aspect of the invention is tbe inclusion f internal calibrants or internal 
seif-caiibranls in the amplified target nucleic acid or set thereof to be analyzed by mass 
spectrometry to provide improved mass accuracy. 

A preferred aspen of the invention includes ihe methods of detecting polymorphisms 
where tbe detcimiiiijig step further includes utilizing internal setf-calibrunts 10 provide improved 
mass accuracy. The isolation methods separately or together may also be combined with the use 
of internal seif-calibrants. 

The above methods, separately or in combination, may also be combined with Ihe use of 
mSss-modified uucieoiides and mass-modified nucleotide analogs incorporated in the single- 
stranded i.r double-stranded amplified target nucleic acid or set of single-stranded or double- 
stranded amplified target nucleic acids to improve mass resolution between mass peaks. The 
methods of detecting polymorphisms may also include at least one single-stranded amplified 
target nucleic acid optionally having one or more nucleotides replaced with mass-modified 
nucleotides. 

In another embodiment, kits for preparing amplified target nucleic acids for mass 
speciTometnc analysis are provided. Tlic kits of the invention may include a first primer capable 
of binding a first strand of one of the target nucleic acids at a region 5' to a region or interest of 
said target nucleic acict a second primer capable of binding a second strand complementary to 
the first strand at a region 5' to die region of interest of the target nucleic acid: a DNA 
polymerase capable of extending the primers to form primer extension products of the first and 
second primers; and a restriction endomiclease capable of reducing the length of amplified target 
nucleic acids where the first and second primers and said UNA. polymerase arc pmvtded in a 
concentration and bufTer suitable for increasing the number of target nucleic acids to form 
amplified target nucleic acids 

Another embodiment encompasses a kit for preparing a double-stranded target nucleic 
acid having a first strand and a second complementary strand for mass spectrometric analysis 
including: a first primer capable of binding the first strand of the target nucleic acid 5' to a region 
of interest of the target nucleic acid; a second primer capable of binding die second strand of the 
target nucleic acid 5' to the region of interest of the target nucleic acid: a DNA polymerase 
capable of extending the primers to form an amplified target nucleic acid; and a restriction 
eridonuclcaae capable of reducing the length of the amplified target nucleic acid. 
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The first and second primers and DNA polymerase may be provided in a concentration 
and buffer suitable for increasing the number of target nucleic acids to form amplified target 
nucleic acids. The restriction endonucleascs may be Type IT or Type MS restriction 
endonudca&cs. Preferably, ihe first primer is biotinylated, preferably at or near the 5' end and the 
5 kit further comprises a solid support capable of selectively binding the first strand of the 
amplified target nucleic acid. Thus, where the first primer is biotitiylaied* the solid support could 
be a strepiavidin bead- Kits included in this invention may preferably also comprise a matrix, 
such as 3-hvdroxyptcolinic acid. 

An aspect of the present invention also Includes a kit for preparing a double-stranded 

1 0 target nucleic acid having a first strand and it second complementary strand for mas* 

spectrometry analysis comprising a first primer capable of binding the terse strand of the target 
nucleic acid 5' to a region of interest of the target nucleic acid: a second primer eapable of 
binding the second strand Sf to the region of interest of the target metric acid; and a DNA 
polymerase capable i>r extending ihe primers to form an amplified target nucleic acid, where the 

35 first primer comprises a cleavable primer cieavabic by chemical or enzymatic treatment. 

Preferred cleavable primers include those having an exonuclease blocking moiety, a Type II or 
Type II restriction endonuclease recognition site, or a chemically cleavable site, such as a 
modified base, a modified sugar, or a chemically cleavable group incorporated into the phosphate 
backbone. Preferred chemically cleavable groups ere dialkoxysilane. J'-{ $)-phospunmihbare, 

20 5'-{S)-phosphorothloate, J-(N Vphosphoroarnidale, or 5 -fN VphtLsphnmamidaie. 

Preferably, the kit may also contain a solid support capable of selectively binding the first 
strand of the amplified target nucleic acid. For example, if the first strand preferably comprises a 
biotin, the solid support could comprise a strcptavidin bead. These kils may also preferably 
further comprise a matrix, such as 3^iydn>xypicolinic acid. 

25 Another embodiment is a kit containing: a frrst primer capable of binding a first strand of 

one of die target nucleic acids at a region 5' to u region of interest of the target nucleic acid: a 
second primer capable of binding u second strand complementary to the first strand at a region 5 1 
to the region of interesi or the target nucleic acid; a DNA polymerase capable of extending the 
primers to form primer extension products of the first and second primers, where at least one of 

30 the tut) primers is a cleavable primer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG* IA is a resolved spectrum of nucleic acid fragments (DNA) in the 20,000 to 25 ? 000 
Da range using M ALDI-TOF mass spectrometry. This positive ion time of flight mass spectrum 
was obtained from 200 fmoles of DNA in 1-HPA the summation of 100 laser pulses at 266 run. 
The spectrum is of a stngJe-stmnded 72-mer which also show** 71-mer. The FWHM resolmjon 
is 240 dearly resolving matrix adducts (labeled M). 

FIG. IB displays the positive ion TOF mass spectrum of a 88-mer parent peak and has a 
resolution or ,ljf>, This MALDI-TOF spectrum is a sum of 100 laser pulses at 266 nm was 
obtained from 200 iinoles of DNA in 3-HPA. 

FIG. 2A shows the mass spectrum of a heterozygous mix of weld type and mutant DNA 
fragments where an A has mutated to a T giving spectral peaks separated by 9 mass units. 

KIG+2B illustrates the effect on mass resolution of a mass-substituted base. The 
spectrum in Fid. 2B consists of a mass speccrum of a hetero2ygous mix of wild type ami mutant 
UNA fragments where A has mutated to T and iric T has been replaced by heptynyldcoxyuridme 
during amplification of the mulani region (R heptynye). The .spectral peaks are now separated 
by 65 mass units as compared to only 9 mass units in FIG. 2 A. 

FIG. 3 is a diagram illustrating the effect of analyzing full-lengih double-stranded 
amplified target nucleic acid, where the blum-ended double-strands result in unresolved peaks in 
the mass spectrum of tlic unresolved doubJe-s:randeii fragments. In this instance; the source 
wicluic ncid may be amplified, tor example, hy PGR, and then mass analyzed as the fbll-tcnc*. 
double-stranded product. The amplified target nucleic acid should typically be no greater than 
about 100 base pairs in length. 

FIG. 4 is a diagram illustrating the effect of analyzing reduced-length double-stranded 
amplified target nucleic ackL where one of the strands has a 4 nucleotide overhang which result* 
in fully resolved peaks of the double-stranded fragments in the mass spectrum. In this case, the 
source nucleic acid is amplified fe.# PCR) in step (a), then reduced in length by restriction 
digestion of the double-stranded product in step (b) to yield an uneven ended product. The 
mduced -length, double-stranded product is then mass analyzed to yield to fully resolved peaks. 

FIG. 5 illustrates thai analyzing only a single-stranded amplified target nucleic acid 
reduces ihe number of strands and simplifies the mas* spectrum. The source nucleic acid i< 
amplified Ug. PCR) in step (a) and then captured to a solid phase streptavidin bead in step <b). 
The solid phase is then rigorously washed to remove silts and unwanted biomulecules including 
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the bottom complementary strand in step (c). The isolated ftill-lcngth, singJcstrandtd amplified 
\nxg\A strand is finally released into solution lo be mass analyzed in step (d). Although this 
diagram as well as the diagrams in FIG. 6, FIG. 7, FIG. 8, FIG. 9. FIG. 1 0, FIG. 1 1 and FIG. 12 
depicts the use of a biotmylate top primer (B) and a strcptavidin solid support, these schemes are 
also generally applicable to other methods of selectively binding otic strand of an amplified 
targe: nucleic acid to a solid support to facilitate Ac washing away of unwanted biomolecules, 
salts and the other complementary strains. 

FIG. 6 employs a clcavable primer to reduce in length an amplified targe: nucleic acid 
that is larger than 100 base pairs ro less than 1 00 nucleotide?! in length. The cleaving at the 
clcavable primer site also releases the singk-stranded amplified target nucleic acid from the solid 
support. In this instance ihe top primer is hiotinylatcd and cleavabJe. In step (a) the source 
nucleic acid is amplified (?g PCR) and captured to solid phase strept&vidin bead in step (b). 
Hie solid phase is then rigorously washed to remove sales and unwanted biomolecules including 
the hnttam complementary strand in slep <c). The isolated, reducedJenglh, single-handed 
amplified target is released into solution by cleaving the primer at the clcavable site in step (di 
for mass analysis. 

I1C. 7 is a diagram illustrating the isolation of a single-stranded amplified target nucleic 
acid that has been reduced in length by cleaving off at least a portion ol* both flanking regions. 
The first flunking region contains a clcavable site in the cleavablc primer, iocated outside of the 
region of interest. The second flanking region is on the opposite end of t\\o amplified target 
nucleic add and the portion of that second flanking region is cleaved off by digestion with a 
restriction endonucleasc. The top primer is biotinylaied and cleavablc. The source nucleic acid 
is fira amplified PCR) (step (art and captured to the solid phase (e.g. strcptavidin bead) 
(step (b». The double-stranded target is then selectively restricted outside the genetic region of 
interest (step (c)). The order of steps (b) and (c) may be reversed. The .solid phase is rigorously 
washed to remove salts and unwanted biomolecules including the bottom complementary strand 
(step (d)|. Finally, the isolated reduced-length, .sin^e-stranded amplified target strand is 
released into solution to be mass analyzed by cleaving the clcavable primer (step (e)), 

FIG. 8 shows the isolation of a single-stranded amplified target nucleic acid, where die 
length of the amplified taigei nucleic acid is reduced by cleaving off n portion of both flanking 
regions by < I j using a first r top primer having a chemically clcavable site incorporated during 
amplification; and (2) using a bottom primer having a Type US restriction endunuclease 
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recognition sit at the 5' end during amplificatioa The target nucleic acid is first amplified (e.g.. 
PCR) (step (a)). The use of the bottom primer with a type US restriction enzyme recognition site 
on the 5' end allows for the incorporation of this site on tho end of the target nucleic acid. The 
top primer is then captured to a solid phase (e.g., a strcptavidin bead) in step (h). One flanking 
region is ihen cleaved off by digesting with a Type HS restriction endonudease in step <c). After 
rigorously washing to remove salts and unwanted biomolecules, including the unwanted 
(unbound) complementary strand in step (d), the single-stranded amplified target nucleic acid is 
released from the solid support by cleaving at the cleavabJe site within the cleavable primer in 
stSp (e) Tor mass spectral analysis. The order of steps (b) and (c) are reversible. 

FIC. 9 depicts another embodiment of the invention, wherein one primer has an 
exonuclease mocker {♦). After amplification of the target nucleic acid, step (a), the amplified 
targci nucleic acid contains an exonuciease blocking group. The amplified target nucieic acid is 
then treated with a 5' to 3" exonuciease, step (b), which degrades the strand confining the 
exonuclease hlocking group only up to the blocking group. The 5' to 3' eximuclease completely 
degrades the other complementary strand of the amplified target nucleic acid as the other sirand 
does not have an exonuclease blceking group. The treatment with the 5' to V exonuclease. thus, 
leaves a single stranded amplified target nucleic acid for mass spectrometry analysis. 

FIC. 10 is a diagram illustrating yet another embodiment, in which one primer contains a 
Type IIS restriction recognition site and a binding moiety, e.g.. biotin (B). wherein the Type IIS 
restriction cleavage site is located between the Type IIS restriction recognition site and the 
binding moiety. The source nucleic acid is first amplified using this primer and another primer 
complementary to tfte other strand, step (a). The amplified target nucleic acid is then restricted 
with the Type US restriction endonuciease corresponding to the Type IIS restriction recognition 
and cleavable shes in the primer (step (b)), leaving a reduced-length amplified target nucleic acid 
comprising a binding moiety, e.g. biotin. which can then be captured to a solid phase 
(streptavidin bead) (step (c)). The reduced-length amplified target nucleic acid is then rigorously 
washed to remove salts and the unbound complementary strand, step (d). Then the reduced- 
length, singlcsiranded amplified target nucleic acid Is released from the solid support for mass 
.spectromctric analysis by denaturing the biotin streptavidin bond. e.g.. by boilmg under low salt 
conditions, step (c). 

FIC. II is a diagram illustrating a variation of the embodiment illustrated in FIG. 10. 
wherein instead f isolating the bound reduced length, single-stranded amplified target nucleic 
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acid, the complementary (unbound) strand is released from the bound strand and isolated for 
massspectrometricanalysii. Thus, the source nucleic acid fa amplified (step (.». The amplified 
target nucleic acid is then cleaved with a type IIS restriction endonucJcase (step (b)) and captured 
to a solid phase (,.*, by biotin (b) intending with a streptavidin bead) (step (c)). Unwanted 
salts and biomolecules arc removed by washing (step (d)). Thin rime, in contrast to scheme, 
depiction FIG. 5. FIG. 6, HO. 7, FIG. 8 and FIG. 10. The imiial washing is not so rioomus as to 
disrupt tire interaction between the bound strand and its complement. In step (e) the 
complementary strand is released for mass analysis. 

FIG. 12 is another embodiment wherein the double stranded DNA is mass analyzed. The 
source nucleic acid is amplified (step (a)). In this embodiment the u, ? primer i, biotinylated and 
contains a type IIS restriction site such that lh c cleavage site fa between the region of interest and 
the biotin moiety, ntc amplified target nucleic acid h captured to ,he solid phase (stop rb» to 
facilitate washing away unwanted salts and biomolecules (step (c)). a restriction endonuelease 
.s then used ,o release the double stranded fragment for mass spectral analysis (step (d)>. 

FIG. 13 is a mass spectrum of S ,ngle,stranded amplified short Umdem repeats from the 
tyrosine hydroxylase gene TH01 locus. 

FIG. 14 is a mass spectrum of an allelic set (ladder) of singlc-strandcd amplified target 
irucleic acids from the TH03 gene locus, wherein me single-stranded amplified targe, nucleic 
acids ranged in length from 71 to 95 nucleotides in length. The method used to produce this 
spectrum fa the one depicted in FIG. 6. 

FIG. 15 is a mass spectrum of a set of sfogle-strandcd amplified target nucleic acids 
wherein the single-stranded amplified target nucleic acid, were the same a* those depicted in 
FIG. 14 except that the lengths of the amplified target nucleic acids had been reduced by 31 base 
pain, by exKloaucleaae cleavage, the method employed to p.duce this spectrum is lhc one 
illustrated in FIG. 7. 

FIG. 16A shows the chemical formula for 2'-deoxythymidine-T.(SVphosphoa»lhioalc 
FIG. 1 «B shows the chem.cal formula for 2'Hleoxythymidine-5'-(S)-phosphorothioate. 

DESCRIPTION OF SPECIFIC EMKODIMENTS 
The present invention, directed to methods of and fkils for preparing target nucleic acids 
for mass spctromcuic analysis and for detecting polymorphisms, provides advances of 
technical ease, speed, and high sensitivity. Additionally, only minute samples of femtomol 
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amounts are required. The methods and kits described herein yield a minimal set of products 
with improved mass resolution and accuracy and detailed information about the nature of the 
polymorphisms detected in the target nucleic acids screened. 

One embodiment of the present invention involves methods of detecting polymorphisms 
in one or more target nucleic acids comprising (a) amplifying at least one t>f said target nucleic 
acids, wherein each of said target nucleic acids comprises a region of interest and optionally one 
or more flanking regions, (b) isolating either a positive or a negative strand of interest of each of 
said target nucleic acids in ihc form of one or more single-stianded amplified target nucleic 
acids, wherein said isolating preferably comprises binding said strand of interest of each of said 
amplified target nucleic acids to a solid support, and (c> determining the masses of each of said 
single-stranded ampiificu target nucleic acids using a mass spcclrome| CTf wherein said 
determining preferably does nol involve sequencing of .said amplified single-stranded target 
nucleic acids. The amplifying step may include the use of a specialized primer that can be used 
in the isolating step (o bind the amplified target nucleic acids in a solid support. The primer may 
also have attached a cleavablc or reversible linker, or the primer itself may contain a cleavable 
site. If a cleavable site is introduced ir.to one of the amplified target nucleic acids by using a 
cleavable or reversible linker during said amplifying step, the determining does not involve 
sentencing of the amplified target nucleic acids. The primer may aiso be biotinyletcd or 
modified in other ways such as to effect binding of the amplified target nucleic acids to a solid 
support. Ibe primer may also optionally be bound or attached lo the soiid support prior to being 
amplified. One of ordinary skill in the art will appreciate the multiplicity of methods to effect 
such attachment. 

The isolating may further comprise denaturing and washing to remove the 
complementary strand from the strand of interest which is bound u> a solid support, fol-owed by 
release of the bound single-stranded target nucleic acids from die solid support Alternatively, 
the unbound complementary slrand may be released and isolated for mass spectrometric analysis. 

After amplifying and either before or after the amplified target nucleic acids have been 
bound to a solid support, the amplified target nucleic acid may be reduced in length by a number 
of different techniques. For example, one or more flanking regions may be cleaved using one or 
more restriction endonucfeascs. such us Type II or Type IIS restriction cndonueleascs or 
combinations thereof. The amplified target nucleic acid may also be reduced in length by using a 
cleavable primer. Another method of reducing length comprises using an exomtclease blocking 
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moiety in one of the two primers for amplification, and digesting said amplified target nucleic 
acid with a 5' to 3' cxonuclease. 

fhe target nucleic acid may be single-stranded or doublcstranded DNA. RNA or hybrids 
thereof, from any source. The target nucleic acid is generally a nucleic acid which must he 
screened to determine whether it contains a polymorphism. Thu corresponding target nucleic 
add derived from a wild type source is referred to as a wild type target nucleic acid The 
amplified target nucleic acids can he obtained from a source sample containing nucleic acids and 
can be produced from the nucleic acid by PCR™ amplification or other amplification techniques. 
Although human purees are preferred, any source which one is interested in screening for 
pol>i7H)tphisms may be used in die method* described herein. When ihc target nucleic acid is 
RNA. the RNA strand is the strand. If desired, the target nucleic acid may be an RKA/DNA 
hybrid, wherein cither strand can he designated the »• strand and the other, the - strand. 

Jn cases where the amplified target nucleic acid contains UNA. the meihods using 
restriction endonucleascs described herein canmn. be used in directly reduce the length of the 
final product A restriction endonuclea.se may be used to reduce the length of the double- 
Stranded DNA intermediates prior to the RNA transcription step. 

The amplified target nucleic acids are lypicaily less than 100 bases in length because 
current mass spectrometry methods do not have the mass accuracy and resolution necessary to 
identify a single base change in polynucleotides larger than 100 base pairs. However, us mass 
speenwnetrte techniques for analyzing nucleic adds improve, the smek>xtrandod or double- 
stranded amplified target nudeic acids of this invention may be larger lhaa 100 base* in length 

Due to the simpler mass spectrum that results from mass analysis of single-stranded 
amplified target nucldc acids, it is preferred to determine (he masses of sets of single-slianded 
amplified target nucleic acids. The amplified target nuclde ucids may also contain mass- 
mndified nucleotides, which cm enhance case of analysis, especially when a point 
fwlymoiphism has resulted in a very small muss change (on the order of 9 Da) in a target nucleic 
acid as compared to the corresponding wild type target nudeic acid. The methods described 
herein use mass spectrometry to determine the masses of a single-stranded amplified target 
nucleic acid or set of single-stranded amplified target mideic acids to detect polymorphisms in ai 
least one target nucleic acid. 

The amplified target nucleic acids comprise a region of interest and optionally, one or 
•more Hanking regions. A region of interest contain or is suspected of containing a 
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poJytiu)rphism T whereas a flanking region is generally believed not to contain a polymorphism or 
a polymorphism in that region is considered unimportant. The region of interest may be as small 
as a single nucleotide. A flanking region may contain a cleavable site or cleavable moiety that 
can be selectively cleaved to release single-stranded nucleic acids from a solid support prior to 
mass spectrometry analysis. An amplified target nucJcic acid may also optionally comprise 
another flanking region on the end of the cargel nucleic acid opposite from the cleavable site used 
for release from the solid support. This second flanking region may contain one or more 
restriction cleavable sites that do not occur in the region of interest. 

The methods described herein may be performed on a single amplified target nucleic acid 
or on a set of different amplified target nucleic acids, each containing a different region of 
interest Hie various steps of reducing length, binding to a solid suppon, releasing from the solid 
support may differ with respect to each different target nucleic acid in a set. ur may be the same, 
and the resulting set of single-stranded or double-siranced amplified target nucleic acids can be 
mass analyzed simultaneously. Accordingly, another advantage of the methods described herein 
is that they can be used to prepare a set or collection of two or more different target nucleic acids 
in a single reaction or a single container, possibly using at least one common reagent, which 
a-sults in increased efficiency and more infonnative data from a single mass spectrum of the 
prepared target nucleic acids. 

Wild type refers to a standaxd or reference nucleotide sequence, ur number of repeat dk 
tri-. or Utta-nucleotidcs, in which varialions arc compared. As detincd, any variation from wild 
type is considered a polymorphism, including naturally occurring sequence polymorphisms, and 
mutations which are pathogenic. 

Two nucleic adds are considered "complementary" if they are capable of specifically 
h>4ridizing to one another (1) under typical hybridization and wash conditions (see, Maniatis 
ei at.. 1982) or (ii) using reduced stringency wash conditions l-ku allow at most about 25-30% 
base pair mismatches, for example, 2 x SSC, 0.1% SDS, room temperature twice, 30 minutes 
each: then 2 x SSC, 0.1 % SDS, 37°C once. 30 minutes; then 2 x SSC room temperature twee, 1 0 
minutes each. 

The types of mass spectrometry u-sed in the invention include KSI or MALDI, wherein 
these methods may optionally include time-uf-flighl. Tbi- significant multiple charging of 
molecules in RS[ and the feet thai complex mixture analysis is often required mean that the ESI 
mass spectra will consist of a great marry spectral peaks, possibly overlapping and causing 
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conftrion. Because the MALUJ MS approach produces mass spectra with fewer major pate, 
this method is preferred. Thus, a M ALDJ MS tim«-of-flight insolent is preferred for the mass 
analysis of the invention. 

The method, described herd,, do no: require sequencing of one or more target nucleic 
acids (using .he sequencing methods thai require four different base-specific chain termination 
reactions or chemical cleavages to determine the complete nucleotide sequence of a nucleic acid) 
in order to determine the nature and presence of. polymorphic within any of said target nucleic 
acids. However, the method* described herein, separately or in coronation, may be used in the 
sequencing of one or more amplified target nucleic acids using ma* spectrometry techniques. 

For an iniual polymorphism screen, a useful range of amplified target nucleic acid sizes 
that will allow detection of a point polymorphism is around 10 to 100 bases, lhis size range is 
where mass spectrometry presently lias the necessary level of mass resolution and accuracy. 
Thus, the methods used in Litis mvemion are designed to produce amplified target nucleic acid, 
ranging up to .bout 100 bases in sue, but can also be used to produce larger amplified target 
nucleic acids. 

Existing mass spectrometry instrumentation in the case of MALD1-TOF MS optimally 
has a mass accuracy of about 1 part in 10,000 (0.01%), four times what is necessary for detecting 
a single base change in a f0-ba.se long single-stranded UNA fragment Utilization of mass- 
modified nucleotides (described herein) and nearby masses as internal calibrants, provides 
cpttmaJ resolution and mass accuracy of larger nucleic adds, and can extend esable point 
polymorphism detection range up to 100 bases, if not higher. Continued advances ia mass 
spectrometry instrumentation will also push this range higher. 

Examples of the resolving capabilities of MALOI-TOF MS arc displayed in HG. 1 A and 
FIG. ID which show the positive ion TOP mass spectra obtained from 200 (moles of DNA in the 
matrix 3-HPA. FIG. 1A shows two single-stranded PCR products of lengths 71 and 72 (mass 
difference = 305 lfc, - .Adenosine) as well as the 72mer and 72mer + n single matrix adduct (VI) 
(mass difference « 139 Da) u> be well resolved (FWHM resolution - 240). HG. IB shows an 88 
base length single-stranded product having a resolution or 330. Bom spectra display high 
enough accuracy and resolution to detect a point poiymorphisn. if one were present. 
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Benefits oe Analyzing Single-Stranded Nucleic Acids 

One object of ibis invention is the accurate mass determination of a single-stranded 
amplified target nucleic acid or a set of single-stranded amplified target nucleic acids to 
determine presence and character of any polymorphisms. The embodiments of this invention 
include mass spectrometric mass determination of the single-stranded amplified target nucleic 
acid or set of different single-stranded amplified target nucleic acids, as well as mass 
determination of a mass-modified, single-stranded amplified target nucleic acid or set thereof. A 
preferred embodiment is to detect polymorphisms in an amplified target nucleic acid in single- 
stranded form, wherein the single-stranded amplified target nucleic acidfs) are derived from one 
or cither the positive or the negative strand of the genome. The examples of single-stranded 
methods described herein focus on single-stranded amplified target nucleic acids derived from 
the positive strand, although the method* disclosed in the preseni invention are equally 
applicable to target nucleic acid as derived from the negative strand as well. 

HO. 3 illustrates that u double-strandcd target nucleic acid comprising two 
complementary strands, produces two difficult to resolve peaks in the mass spectrum 
corresponding to the denatured single strands. The additional peaks from double-stranded 
amplified target nucleic acids as compared to sin B le-strandcd amplified target nucleic acids add 
to die congesticin of mass peaks in the mass spectra, as well as introducing the possibility that it 
may be extremely difficult to resolve the complementary fragments if they have nearly or exactly 
identical base compositions. J-|iTthermorc. some portion of the doubie-stranded amplified target 
nucleic acids d« no: folly denature, and mass peaks corresponding to the double-stranded 
products increase the spectral congestion. 

Spectra using both suands may also contain a iw-fcld redundancy in data, since any 
polymorphism in one strand may be oresent within lts complement. One strand my be removed 
prior lo mass spectrometry analysis while sdU producing all data necessary for a complete 
polymorphism analysis. Therefore, it is often preferable to analyze a set of single strand., using 
only one of the two complementary sets of amplified target nucleic acids representing the full set 
of largei nucleic acids. 

FIO. 4 shows the expected spectrin if only the positive strand of a target nucleic acid 
from FIG. 3 is analyzed by mass spectrometry as analysis of one of the (wo complementary 
strands of the double-stranded amplified target nucleic acids halves the number of expected 
peaks wiUun the mass spectra, allowing lor better resolution. Thus, removal of one f the two 
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strands from each amplified target nucleic acids eliminates the great** source of complication 
for each spectra. A number of methods for isolating and preparing single-stranded amplified 
target nucleic acids for mass spectrometry are described herein. 

Pwhkication Methods 

For mass spectrometry analyses, the target nucleic acids should bo within the resolvable 
range and high mass accuracy range of the mass spectrometer. Additionally, nucleic acid 
fragments thai do not contribute to the analysis and may unnecessarily convolute the mass 
spectra should be eliminated, if feasible. 

With analysis methods such as gel electrophoresis, a mixture of specifically labeled 
nucleic acid fragments (radioactive* or fluorescent |y tagged) can be visualized in the presence 
of other unlabeled nucleic acid fragments that emigrate but are invisible and therefore do not 
convolute analysis of the gel data. The mass spectrometry methods described herein do not use 
any form of labeling that couJd render certain fragments invisible, e*. the complementary strand 
in a double-stranded product ami it is therefore preferable, to remove such fragments prior to 
analysis. 

The samples should preferably be or relatively high purity prior to introduction to the 
mass spectrometer. The presence of impurities, especially salts, may greatly affect the 
resolution, accuracy and intensity of the mass spedrometric signal. Contaminating primers, 
residual sample genomic IWA. and proteins, all can affect the reality of the mass spectra. 

Tne purification methods of the present invention are vvdi-suitcd to mass spectroraetric 
analysis of nucleic acids, tor example, the methods herein physically isolate selected sets iff 
single-stranded or double-stranded amplified target nucleic acids from a multiplicity of 
impurities including undesirable nucleic acid fragments (including the complementary strand and 
flanking regions), proteins and salts, rhat would result in a poor quality mass spectrum. These 
isolation methods offer significant advances due to the physical separation of a desired set of 
single-stranded or double-stranded amplified target nucleic acids from other impurities ir. 
prepamiLon. 
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APTROACHES TO I.SOI.ATING SlNGLE-STHAVDED OH DOU B L E-STRA PDE D A M PUF1ED T A RGET 
\UCJJJC ACIDS 

As described earlier, analysis of single-stranded amplified target nucleic acids is 
generally preferable since ii provides a complete set of data with the minimal number of 
fragments and therefore simplifies the spectra and facilitates an increase in the total number of 
target nucleic acids that can be analyzed in a single assay. A number of approaches can be taken 
toward the production of single-siranded amplified target nucleic acids and their purification 
which includes the elimination or undesircd oligonucleotides. In some eases, it may be 
preferable to use a method of amplification that yields primarily single-stranded amplified target 
nucleic acids, .such as asymmetric PCR or transcription-mediated amplification. 

To isolate the single-stranded amplified target nucleic acids, the amplified target nucleic 
acids may be designed to be attached or hound to a solid support. Several means arc available to 
effect thb attachment to a solid suppnrt. including: (a) hybridization to a complementary, solid- 
phase bound nucleic acid capture probe (which can be an oligonucleotide or one strand at the 
amplified target nucleic acid) comprising a first binding moiety that .specifically binds to 4 
.second binding moiety attached ui a solid phase: (b> direct binding of (he amplified target nucleic 
add strands of interest, each comprising a polynucleotide region of interest and a first binding 
moiety, to a second binding moiety attached to a solid phase (c.j?. Wotin/streptavidin or avidin or 
aiuigcn/anlibody pairs); or (c) direct covulent attachment of the strands of interest to a solid 
support. 

A capture probe is an oligonucleotide that comprises a ponton capable of hybridizing to a 
nucleic acid, such as an amplified target nucleic acid, and a binding moiety that binds the capture 
probe to a solid phase, either through covalent binding or affinity binding, or a mixture thereof. 
A capture probe can itself bind to a solid support via binding moieties f direct capture) or can 
bind to a solid support via another captun; probe (hat binds to a solid support (indirect capture). 

A preferred embodiment is the use of a bioiinylated amplified target nucleic acid coupled 
to .Ntreptavidin or avidin attached to a solid support where the strand of interest is itself bound. 
Biotin coupling to streptavidin (or avidin) requires that any amplified target nucleic acid or acids 
contain a biotin. The biotin is part of the linker molecule. It is straightforward to capture the 
amplified target nucleic acid because bioiinylatcd primers can be used in the PCR amplification. 
If only one of tho two strands of an amplified target nucleic acid is in ne analyzed by mass 
spectrometry, only one of the two PCR printers for each different target nuclei acid should be 
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biotinylated. F.ir each target nucleic acid. Die PCR primer to be biotfnylotcd should be the 
primer thai i« extended to form the single-stranded amplified target nucleic acid of interest. 

The amplified target nucleic acid or set of amplified target nucleic acid* can be covalently 
attached to a solid support using any of the number of methods commonly employed in the art to 
immobjltzc an oligonucleotide or polynucleotide on a solid support. The amplified target nucleic 
acid or set of amplified target nucleic acids covakmly attached to the solid support should also 
be stable and accessible for base hybridization. 

Covalent attachment of the amplified target nucleic acid or set of amplified target nucleic 
acids to the solid support may occur by reaction between a reactive site or a binding moiety on 
the solid support and a reactive site or another binding moiety attached to the target or via 
intervenim, linker* or spacer molecules, where the two binding moieties can react fa. form a 
covalent bond. Coupling of ai: amplitied target nucleic acid or set of amplified target nucleic 
acids to a solid support may be carried out through a variety of covalent attachment functional 
groups. Any suitable functional group may be used to attach the amplified target nucleic acid or 
set of amplified target nucleic acids to the solid support, including disulfide, carbamate, 
hydrazone. ester. N-funcUonalizcd thiourea, functionalized malcimide, mercuric-sulfide, gold- 
sulftde, amide, diiolester, azo. ether and amino. 

The solid support may be made from a wide variety of materials, such as cellulose, 
nitrocellulose, nylon membranes, controlied-pore glass beads, acrylamide gels, polystyrene, 
activated destran, agarose, polyethylene. functional t*d plastics, jrlass. silicon, aluminum, sieel. 
mm. copper, nickel and gold. Some solid support materials may require functionaljzation prior 
to attachment of an oligonucleotide or capture probe. Solid supports that may require such 
surface modification include aluminum, steel, iron, copper, nickel, gold, silicon, and 
nonfunctional)^ polymers. Solid support materials for use in coupling to a capture probe 
include runctionaliied supports such as the Kl'sarbonyldiimidaTole activated supports available 
from Pierce iRockford, n.) or funciionalized supports such as those commercially available from 
Chiron Corp. (Emeryville, CA). Binding of an amplified target to a solid support can be carried 
out by reacting a free amino group of an ammo-modified target with the reactive imidazole 
carbamate of the solid support. Displacement of the imidazole group results in formation of a 
stable N nlkyl carbamate linkage between die amplified target and the support. 

The amplified target nucleic acid or set of amplified target nucleic acids may also be 
bound to a solid support comprising a gold surface. The amplified taiget nucleic acid or set of 
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amplified target nucleic acids can be modified at their S'-end with a linker arm terminating in a 
thiol group, and the modified amplified target nucleic acid or set nf modified amplified targe; 
nucleic acids can be chemisorbed with high affinity onto gold surfaces (Hcgner. tt uL 1993b). 

In methods i„ which a solid-phase approach is used, preferably the double-stranded 
amplified target nucleic acid or set of amplified target nucleic acids may be washed to remove 
deleierious contaminants. However, when the amplified targei nucleic acid strands of interest are 
directly bound, either covaicntly or via biothvstfcptavidin biotin/avidin interactions, it is 
preferable to rigorously wash the sample to yield the highest purity. Such a rigorous wash 
typically removes the complementary ^uuL if present, isolating the singk-stranded amplified 
target nucleic acid. Following washing, it is necessary to relea.se single-stranded amplified target 
nucleic acids from the solid support for mass spectrometry analysis. The illation of a set of 
smgle-stranded amplified ta^el nucleic acids may be performed on the same plate tha, is used 
u-ithin the mass spectrometer or on a .separate surface such as beads or a filter. Both the capture 
probe hybridization and biotitv'streptavidin or biotin/avidin approaches can use a number of 
means of deaamration to disnipl the noncov a |«nt interactim* and afford release of the set of 
single-stranded amplified target nucleic acids bound to the solid support. 

Alternatively. a clcavaWe linkage may be incorporated between tl,e tirst binding moiety 
and the amplified target nucleic acids. Any covaleal coupling chemistry may be reversible or it 
may be necessary to include a separate chemically cleavable linkage somewhere within the 
bound product, fi may also be useful to use a chemically cleavable linkage approach with the 
biotin/siruptavidin (or avidin) strategics so that release of the double-stranded target nucleic acid; 
can be formed under relatively mild conditions. In all cases the cleavable linkage can be 
located within the linker molecule connecting the biotin and the base a disulfide bond in the 
linker), within the base itself (e.g. a more labile 8 : yc osidic linkage), or within the phosphate 
backbone linkage {e.g. replacement of phosphate with a phosphoramidate). 

Another way to isolate .singJe-jtranded amplified target nuctdc acids is to use a primer 
comprising an exonuclcase blocking moiety and to treat with a 5' to 3' exonuclease. which 
digests the sound lacking an exonuclease blocking moiety and the portion of the other strand up 
to the exonuckuse blocking moiety, leaving just the portion of the strand containing the 
exonuclease blocking moiety and the portion of that strand 3' to the exonuck.se blocking 
tnoiety. IVts method is described in the methods of reducing length section herein. Single- 
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stranded amplified target nucleic acids can also be isolated by using a DNA-specifk or RNa- 
specific nuclease to digest an RNA/f )NA hybrid 

The use of two primers each comprising an exenudease blocking moiety, wherein each 
primer binds to a different complementary strand, is another way to isolate a double-stranded 
amplified (arget nucleic acid. 



Methods o* Reducing Length of Amplified Target nucleic Acids 

After the amplification of target nucleic acids, the amplified target nucleic acids, which 
are in double-stmnded form, can be cleaved with restriction endomtcieases to remove flanking 
regions that are not within tins rcjyon of interest, wherein said region of interest is suspected of 
containing a polymorphism. 

If DNA restriction endonucleascs are used to remove one or more flanking regions from 
an amplified target nucleic add prior to isolating the single-stranded or doublostranded 
amplified target nucleic acidfs). it may be necessary for the amplified target nucleic acid to have 
a douhlcsiranifcd form prior to restricdon, or more specifically, thai the restriction cudonuelease 
recognition sites and cleaving sites be located in double-stranded DNA regions Hanking or 
outside the region of interest The alternative to having fully double-stranded DNA prior to 
restriction is to hybridize restriction site oligonucleotide probes to .single-stranded DNA. wherein 
the restriction sue oligonucleotide probes are complementary to the restriction sites for selected 
restrict ton endonucleascs. 

The basic known methods for DNA isolation - preripitaiion. dialysis, filtration and 
Chromatography do not isolate single-stranded from double-stranded DNA. If these purification 
methods are employed, and it may be desired to produce a singlc-strandcd product, it is 
necessary to add a separate step where single-strand isolation is performed. 

If restriction endonucleases arc used to cleave off one or more regions from an amplified 
target nucleic acid, a preferred method for isolating single-stranded amplified target nucleic acids 
from these products is to use at least one biotinylated primer located ;it » »c end of an amplified 
target nucleic acid. 

I he production of reduced length amplified target nucleic acids can provide benefits of 
increased accuracy and resolution in the muss spectrometric analysis ol even double-stranded 
amplified target nucleic adds. Double-stranded amplified target nucleic acids can hove their 
length reduced in a similar manner to that used for processing single-stranded amplified target 



WD *8/12355 FC17US97/17101 

nucleic acids. Either endogenous restriction recognition sites outside the region of interest or 
primer-incorporated restriction recognition sites, as described below, or combinations thereof can 
be used. Rndogenous restriction recognition sites arc those that are found naturally within one or 
more flanking regions. 

In cases where one or more endogenous restriction recognition sices cannot be found 
outside the region of interest, -tin alternative method is necessary tin reducing the length of the 
amplified target nucleic acid. Use of a modified primer during the amplification process can 
mediate the incorporation of a Type II or Type IIS restriction endonuclcase recognition site 
within a primer region of the amplified target nucleic add. Type IIS restriction endonuclcase* 
recognize a particular doubtc-stranded sequence region and selectively cleave the double strand a 
defined distance away from the recognition site. As an example, the restriction enzymes Jtpml 
and Bsgi cleave the double strands 14 nucleotides (top strand} and 16 nucleotides ( bottom strand) 
away from the recognition sites. Other representative Type IIS restriction enzymes include 
BseRI. BsntRI and Foki. See New England Biolabs J 996 Product Catalog. Use of Type JIS 
restriction for the reduction of amplified target nucleic acids is illustrated in FIG- 7. 

The restriction method for reducing the length of an amplified target nucleic acid aftbrds 
significant advantages where double-stranded amplified target nucleic acids <ire to be analyzed 
by mass spectrometry. For instance, the waiter molecules are easier to resolve. Moreover, n 
stennd beneficial effect of using restriction endonucleases to reduce length, specifically one thai 
does not produce blunt ends, is the production of two strands uf different lengths and hence 
different masse*. The creation of two complementary strands of different lengths, r.jr. L to 6 
nucleotides difference in size, yields dramatically improved separation and resolution of two 
complementary strands during mas* spectrometry analysis as shown in FKi. 4. In many cases, 
reduction of length by restriction endonuclcase digestion can eliminate the need for single-strand 
isolation. 

In one embodiment, the restriction endonuelea.se recognition site can be the same as the 
site of cleavage, located in the flanking region opposite ftom the end of the amplified target 
nucleic acid that is bound to the solid support. In another embodiment, the restriction 
endonuclcase recognition site is different from the site of cleavage, as in the case of Type US 
restriction endonucleases, which cleave at a defined distance (20-40 bases) from one ride of their 
recognition sequence. When a Type IIS restriction endonuclcase is used to reduce tha length of 
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an amplified target nucleic acid both ,he recognition site and the sife of cleavage arc commonly 
located outside of the region of interest and in the flanking region. 

One of ordinary skill wilJ readily appro**,: mat many combinations and variations of 
these methods for reducing length arc possible. For example, endogenous Tvpe TI reliction 
rccognnion sites for one or more Type II restriction endcnuclease can be used «, reduce length 
on one or bom regions flanking a region of inters,. Alternatively, endogenous Tvpe „ ^ 
endogenous Type IIS restriction recognition an d cleavage sices can be used ,o reduce length bv 
cleaving in one or more flanking regions. Also, one or moo, miction rscogniuon sites can be 
.nuoducod using a mismatch primer or an overhang primer containing one or more new 
restnenon tveogniuon sites. A mismatch primer is one which contains at least a single base 
m.smaleh with the target nucleic «cid to be amplified and can include primers that have an 
overhang region U, a « docs not hybridize ,o the target nucleic add Mismatch pricoers are a type 
of citable primer. Alternatively, e^enous restriction recojmitio,, she, and primer- 
.ntroduced restriction recognition site, can be combined. Cleave sites can also occur outside 
the primer region, ranging from 20-50 nucleotides away from the end of the pnmer region All 
of these types of primers are cleavabJe pnWs because they contain a site, moietv or group that 
can he used to reduce ,he length of the target nue«eic acid. For example, clcavabJc primers may 
contain a recognition site, a cleavable site, or an exonuclease blocking moiety. 

AnoUtcr method of reducing length involves .he use of a primer comprising an 
exonuclease blocking moiety. whcr , ui saU ] exunuclcase blocking moiety prevent a v to3 ' 
exonudcase from digesting a region of interest that is 3' to said exonuclease blockmg moiety. 
The exonudease blocking moiety can m=lude modified nucleotides that prevent 5' to 3' 
exonuclease activity from cominumg. e phosphoromioa.es. methyl phosphonates, borano 
phosphate and peptide nucleic aetds 0>NA). FIG. 9 depicts the use of an exonuclease blocking 
moiety and an exonuclease to reduce the length of a target nucleic acid. I* nucleotides that are 
degraded by the exonuclease are a multiplicity of elcavahle sites, including many that are 
adjacent ro one another. 

Peptide nucleic acids are modified DNa mimics in which the sugar-phosphate backbone 
»«s been replaced with a backbone based on amino acids. Peptide nucleic acids exhibit 
sequenee-speciflc binding to DNA and RNA and ate resistant to nuclease and prote^ attack 
See Ruchardler^ 1993. A preferred 5' to 3' exonuclease is Exonuclease HI. FIG. 9 illustrates 
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how the use of this method results in isolation of a rcduced-lcngth single-stranded amplified 
target nucleic acid 

The exonudease approach to reducing length can be also used in combination with one or 
more of the restriction endonuclease cleavage techniques described above m reduce length. In 
such a combined approach, the restriction cleavage should occur heforc the exonudease 
digestion. 

One of ordinary skill in the art will appreciate that the above methods of reducing length 
may also be used as means of isolating a redueed-length amplified target nucleic acid or a 
reoueacMength single-stranded amplified target nucleic acid. For example, a chemically 
cleavablc she can be incorporated in a nanking region and cleavage at that site can accomplish 
both length reduction and release frnra a solid support at the same lime. Thus, for example, after 
the amplified target nucleic add is reduced in length, cither the bound strand or the unbound 
strand or both strands of said amplified target nucleic acid can be isolated for mass spectrometric 
analysis. 

In cas:* where the single-stranded amplified target nucleic acid strand tu be analyzed is 
directly bound to the solid phase, it can be rigorously washed to remove unbound components, 
including any number of deleterious contaminants, including the unwarned complementary 
strand, nucleic acid fragments containing at least a portion of a flanking region, sails, enzymes, 
and other reagents. J-hese unbound components can be removed from any nucleic acid bound to 
a solid support in any of the embodiments described herein and combinations thereof If the 
strand to be analyzed (die strand of interest ) is not bound directly but rather via hybridization to a 
complementary nucleic acid, it cannot be as rigorously washed and thereby ennnoi be purified to 
as great an extern. Direct binding of the amplified target nucleic acid stand to be analyzed 
ultimately produces a higher quality signal. less salt adduets. during mass spectrometric 
analysis, thus improving mass resolution and accuracy. 

Following tho necessary wash steps, the single-stranded amplified target nucleic acids are 
released from the solid support and analyzed by mass spectrometry. Note chat regions that are 
cleaved off by one or more restriction erxWclenses are released into solution and washed away, 
and are therefore not analyzed. Loss of thsse flaokinR regions car. enhance the ability for mass 
spectrometry to quickly identify the existence of a polymorphism. The isolation of the singie- 
stranded amplified taiget nucleic acids occurs prior ui the mixing of the single-stranded 
amplified target mieJcic acids with the matrix material for mass specuometric analysis. 
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complete calibrati n, although sometimes three or more calibranls are used. All of [he 
embodiments of the invention descrihed herein can be performed with the use of internal 
cahbrants to provide improved mass accuracy. 

Using the methods described herein, one can obtain a mass spectrum with numerous mass 
peaks corresponding to the set of single-stranded amplified target nucleic acids under study. If 
no polymorphism is present in any of said target nucleic acids, all of the mass peaks 
corresponding w the amplified target nucleic acids will be at mass-to-charge ratios associated 
with the set of amplified target nucleic acids from the wild type target nucleic acids. However, if 
a inrget nucleic acid contains a polymorphism, usually no more than one or two of the mass 
peaks will be shifted in mass, leaving the majority of mass peaks at unaltered locations. In a 
preferred embodiment of the invention, a self-calibration algorithm uses these nnnpolymorphic 
or unmanned target nucleic acids for internal calibration to optimize the muss accuracy for 
analysis of die singlc-suanded amplified target nucleic acids containing it polymorphism, thus 
requiring no added calibrant(s). simplifying the calibration, and avoiding potential spectral 
overlaps. In a given sample, however, it will not be known a prior: which mass peaks, if any, 
arc altered or shifted from their expected masses for the wild type target nucleic acids. 

The sclf-catibraiion algoritlun begins by dividing up the observed mass peaks into 
subsets, each subset consisting of ail but one or two of the observed mass peaks. F-ach data 
subset has a different one or two mass peaks deleted from consideration. Tor each subset, the 
algorithm divides the subset further into a first group or two or three masses which an; then used 
to generate a new set of calibrunon constants, and a second group which will serve as an internal 
consistency check on those new constants. The internal consistency check begins by calculating 
the mas* difference between the mlz values calculated for the second group of mass peaks and 
the values corresponding to reasonable choices for the associated wild-type cargct nucleic acids. 
The interna! consistency check can thus take toe form of a chi-square minimization where the 
key parameter is this mass difference. The algorithm finds which data subset has the lowest sum 
of the squares of these mass differences resulting in a choice of optimized calibration constants 
associa:cd with group one of mis data suhser 

After new self-optimized calibration constants are obtained the mass-to-charge ratios are 
determined for the mass peaks omitted from the data subset: these are die amplified tatget 
nucleic acids suspected to contain a polymorphism. The differences from the observed mass 
peaks for the wiid type amplified target nucleic acids are then used to determine whether a 
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poiyrnorpWstu is present, and if so, what the nature of this polymorphism is (e.g. the exact type 
Of deletion, insertion, or point polymorphism). This self-culibrauon procedure should yield . 
mass accuracy of approximately 1 part in 1 0.000. 

The methods described herein permit MALDI-TOF MS analysis of sin^-stranded 
amplified target nucleic acids which has a mass accuracy of approximately ! p ar ,i n , 0 ,000. The 
use of iatcrnal seKcalibrants makes ii possible to extend this level of accuracy tip to and 
potentially beyond 30,000 Da or 100 bases. This mass accuracy enables exact sizing of one or 
more target nucleic acids and the determination of the presence and nature of any polymorphism, 
including point polymorphisms, insertions and deletions. Further described herein arc methods 
for improving the resolution of individual target nucleic acids by mean, including eiimmation of 
equal-length complementary pairs through the use singlc-strand-targeted isolation orocedutes. 
and the incorporation of mas*modified nucleotides to enhance the mass difference between 
similar sized amplified target nucleic acids and/or wild type amplified targe, nucleic ncids. In 
addition. Aese methods provide for the removal of salts and other deleterious materials „ well as 

a means for the removal of unwanted nucleic acid fragment prior to mass spectroscopic 
analysis. 



Mass Resolution Mass acx-ura«.-y, ANo T if E .. S Eoi.|VlAS^MoDiriEDNL l (:,.eoTi D Es 

Any of the emoluments of the invention described herein optional* include amplified 
target nucleic acids having one or more nucleotide* replaced with mass-modified nucleotides, 
wherein said mass^nodified nucleotides comprise nucleotides or nucleotide analogs having 
modifications that change their mass relative (o the nucleotides that they replace. The mass- 
modified nucleotides incorporated into the target nucleic acids of the invention must be amenable 
to the envymatic and nonon^ymatie processes used for the amplification of target nucleic acids. 
For example, the mass-modified nuclides must be able to be incorporated by DNA or RNA 
polymerase during amplification of the targe, nucleic acid. Moreover, the mass-modified 
nucleotides must not inhibit the processes used to process the target nucleic acids, including, 
infer alia, specific cleavage by restriction endimucleases. whenever such steps are used. Mass- 
modifications can also be ineoiporated in dae target nucleic acids of the invention after the 
erwymaijc step, have been concluded. For example, „ number of small chemicals can react to 
modify specific bases, such as lecthoxal or foimaldchyde. 
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Any or ail of the nucleotides in the target nucleic acids can be mass-modified, if 
necessary, to increase the spread between their masses. It has been shown that modifications at 
the C5 position in pyriniidinss or the N7 position in purines do not prevent their ^corporation 
into growing nucleic acid chains by DNA or RNA polymerase (Lee a «/., 1992). For example, 
an octynyl moiety can he used in place of mediyl on thymidine to alter the mass by 94 Da. 

Mass-modifying groups can be, tor example, halogen, alkyl, ester or polyester, ether or 
polyethcr. or of the general type XR. wherein X is a linking group and R is a mass-modifying 
group. The mass-modifying group can be used to introduce defined mass increments into the 
target nucleic acids. One of skill in (he an will recogn** that there are numerous possibilities 
for mass-modificatitins useful in modifying nucleic acid fragments or oligonucleotides, including 
those described in Oligonucleotides and Analogues; A Practical Approach, Eckstein ed. (Oxford 
1991) and in rCT/US94/00l93, wiueh arc both incorporated herein by reference. 

At larger mass ranges (30.000-90,000 Dal, the mass resolution and mass accuracy of 
current MAUJI-TOF mass spectrometers will not typically lie sufficient to identify a single base 
change. For this reason. i( may be preferable to increase the useful mass range artificially by 
substituting standard nucleotides within a target nucleic acid wilh mass-modified nucleotides 
havin R significantly larger mass differentials. Use of mass-ir.odified nucleotides applies as well 
to the mass range below 30,000 Da. Mass modification can generally increase the quality of the 
mass spectra by enlarging the mass differences between different amplified target nucleic acids 
of similar size and composition. For example, mass-modified nucleotides can increase the 
minimum mass difference between two amplifjed target nucleic acids that happen to be identical 
in base composition except for a subtle base which is an A in one and is a T in the other. 
Normally, these two target nucleic acids will differ in mass by only 9 Da, By replacing one of 
the bases with a mass-modified version during amplification, the mass difference can be > 20 Da. 

The illustrations of spectra in FIG. 2A and FIG. 2B depict the influence mass^modificd 
nucleotides can have on target nucleic acid resolution. One example of the many possible mass 
modifications useful in this invention is die use of 5-(2.heptynyl)-deoxyuridine in place of 
thymidine. The replacement of a methyl group by heptynyl changes the mass of this particular 
nucleotide by 65 Da. An A to T transversion in a nucleic acid in which all thymidine bases have 
been replaced with S^-heptjr-nylHeoxjTiridine would produce a peak shift of 56 1* as opposed 
to 9 Da for the samu nucleic add fragments without the mass-modified nucleotides. The use of 
mass-modified nucleotides is especially important in the analysis of sin B Je-stn»nded target 
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nucleic acid, derived from RNA. Normally, the masses of C and U vary by unly I Da. making it 
practically impossible to detect C to IJ or U to C point polymorphisms within a given target 
nucleic acid. 

Each of the techniques described herein can he used in combination with any of the 
isolation methods also described herein. Moreover the techniques can be used in combination 
with each other, as one of ordinary skill in the art using the techniques described herein how to 
combine the different aspects of the invention. All of these methods and combinations thereof 
can optionally include the use of mass-modified nucleotides ami internal calibrants. 

Kits 

The present invention also includes kits for preparing nucleic acids for mass 
spectrometry analysis. In one embodiment a kit comprises: a first primer capable of binding » 
first strand of one of said largct nudeic acids at . region 5' to a region of hut of said target 
nuclc.c acid: a second primer capable of binding a second strand complementary to said firs, 
strand at a region 5' to said region of interest nf said target nucleic acid: a DNA polymerase 
capable of extending said primers to form primer extension products of said first an d second 
primers; and a restriction endonuclcase capable of reducing length of amplified target nucleic 
acids. The restriction endomicieasc can be a type H restriction cndonucleasc or a Type US The 
first primer may be biotmylated, i.e. comprise at least one biotin. The kit may aiso comprise a 
solid support capable of selectively binding cither a positive strand or a negative strand 
comprising ±e region of interest of an amplified target nucleic acids, and a matrix solution. 

hi another embodiment, a kit comprises a first primer capable of binding a first strand of 
one of sa,d target nucleic acids at a region 5' to a region of interest of said target nucleic acid: a 
second primer capable of binding a second strand complementary to said first strand at a region 
5' to said region 0 f interest of said target nucleic acid; a DNA polymerase capable of extending 
said primers to form primer extension products of satf first and second primers: wherein thefirat 
printer is cleavabte by chemical or enzymatic treatment. It* cleavable primers of the invention 
include those comprising a chemically cleavable site, an exonuclease blocking moiety, a Type 
ns restriction cndoncclease recognition site, or at least one biotin, but does not include a Type 11 
restriction endomicieasc recognidon site where o w of the complementary strands cannot be 
cleaved by said Type II restriction cndonuclea.se. This kit may optionally comprise a solid 
support and a matrix solution. 
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The following examples arc provided to illustrate embodiments of the invention, but do 
not limit the scope of the invention. 



EXAMPLES 

Example I. PCK Amplification of a Single Target Nucleic Acid. 

An example PCR protocol that may be employed in this invention Ls as follows. 
A sample containing J 0-1 0.000 copies of a source DNA may be mixed with two antiparallel 
DNA primers that .surround a target nucleic acid, e.g. the coding region for a gene involved jn 
carcinogenesis. The Target nucleic acid may be any sequence thai i* known or suspected to be 
polymorphic, including STRs, SSLI\ and genetic deletions, insertion^ or point polymorphisms 
The PCR mix may typically he composed of; 8 \xl 2.5 mM deoxynucieoside triphospnates. 10 |il 
I OX PCR buffer, I !> ul 25 mM MgCl,, 3 fil iOpM forward primer, 3 fil 10 uM reverse primer, 
0.3 pi thermostable Tacf ON A polymerase, 64.7 tit HN0, and 1 \il source DNA. The sample tube 
may then be sealed and placed into a thermal cycling device. A typical cycling protocol i.s as 
follows: 



Step J 


M'C 2 min 


Step 2 


y5 c C 15 sec. 


Step 3 


55°C 1 5 sec. 


Step 4 


72°C Imin. 


Step S 


repeat Sicps 2-1 35 times 


Step 6 


72*C 5 min. 


Step 7 


stop 



Example 2. Production of Single-Stranded NucJeic Acids by Asymmetric PCK. 

The basic PCR procedure of Example I can be modified ir, order to produce 
predominantly one of the two strands. These asymmetric procedures involve modifying the 
ratios of the i\m> primers, a typical ratio is 10:1. These procedures are described in Molecular 
Cloning: A Laboratory Manual, Sarnbrook ti ol . vm (incorporated by reference heron). 
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Example 3. Production of Single-Stranded DNA via Biotinylatcd PCR Product 

For the preparation and capturing of amplified target nucleic acids to a solid .support, one 
Of the two primers used in PCR amplification may be synthesized with a biotin moiety internally 
or at the 5' end of the oligonucleotide. Following a standard PCR, the double-stranded product 
can be bound to a soiid- P hase surface coated with streptavklin. For example, 10 pmol of double- 
stranded PCR product is mixed with 5 ul of 10 mg/ml paramagnetic streptavidttveoated beads in 
a binding/washing buffer of 10 M NuCi, 10 mM TrisCL I mM fc'DTA, pH 8.0. The solution is 
incubated for 1 5 min. at room temperature with mixing. Following incubation the tube is placed 
next to a high field, rare earth magnet and the paramagnetic beads with the bound biotinylated 
PCR product are precipitated to die wall of the tube The supernatant is removed, and the 
particles, outside the influence of the magncuc lield, are suspended into binding/washing 
butter. The beads and wash solution are mixed and then subjected once again to the magnetic 
field to rrecipitalc the magnetic particles. The supernatant is once again removed and cither the 
wash step is repeated or die alkaline denatuta'.inn step commences. To release ihc unbiotinylated 
strand from the double-siranded product, ihe heads are mixed with an alkaline denacuration 
solution such as, 0.1 M NaOH. The beads are incubated at roon, temperature for )0 min. which 
denatures the PCR product and releases ihe unbiotinylated product into solution. The 
blotinylated strand, bound to the magnetic beads is precipitated from the soluiiou under the 
magnetic field and unbiolinylatcd strand, row single-stranded, can optionally be transferred to a 
new tube with the supernatant and readied for mass spectrometry analysis. 

The bound single-stranded amplified target uuclcre acid can be released from the 
streptavidin-coalcd beads using one of a numl«.r of different procedures. These procedures 
include denaturation of biotm'str^iavidin bond by heat denaturatton (95 f for 5 min.;, or the 
use of a denaturant. such as NaOH ( 1 mM NaOli for 1 5 min. at 65>Q. and use of a secondary 
cleavable Site, such as u disulfide linkage (100 mM DTT (dtthiothreitol) for 15 mm. a; room 
temperature) or a 5' ihiolaicd nucleotide |0.1 mM AgNO, for 15 min. at room *mpcratutc> 
present within the primer 

Example 4. Mass Modification of Target Nucleic Acids. 

Mass raodif.eauon of the target nucleic acid is typically performed during the 
amplification step. One or more standard deoxynucleoside triphosphates are replaced with 
modified deoxynucleoside triphosphates. As an example thymidine may be replaced with a 5- 
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alkynyl-subsiiluled-T-dcoxyuriiline triphosphate. Becau.se the modified nucleotides may not be 
efficient substrates for TSK A polymerase it may be neucssary to increase the concentration of the 
corresponding triphosphate by a factor of 2 to J 00 over normal levels. 

Example 5. Analysis of Single-Stranded Amplified Tetranuckotidc Repeat Region of 
THOl Gene. 

A sample of human genomic DNA is siibjcck-d to PCR amplification with the primer 
pair: (SEQ ID NO: 2) 5''Biotin-GTGATTCfX!ATTGGCCTGT(sT)CCTC-3' and <SEQ ID NO:2) 
5'- AGTGCAGG 1CACAGGGAACACAGA-3', which selectively amplify the letranuclcotidc 
repeat region of the tyrosine hydroxylase ("THOl") gene to give 90-1 14 bp PCR products when: 
ST is isolated thymidine, also known as 2'-ueoxythymidine -V-fSFphosphorolhioaic (see FIG. 
16). These PCR amplified target nucleic acids are abom a factor of 2 smaller products than 
current commerctally available primers provide. The PCR reaction is performed on a 50 nL 
scale using 17.5 praol of each primer and 50-100 ng of template, with 30 3-step thermal cycles, 
following an initial step at 94°C for 2 min, of 94"C for 45 s followed by 55 9 C for 30 s and then 
72°C for 30 s. A final siep at 72°C for 5 min is added to complete the reaction. The biotinylated 
product is bound to strepiavidin-coated magnetic beads MPG (CPG Inc.. Great Keck, NY) and 
then subjected to denaturation conditions of 0.1 M NaOH for 10 minutes. The solid-support- 
bound singlc-xiranded target nucleic acid is then subjected to extensive washing with 10 mM 
ammonium acetate and deionized water, fhc single-stranded amplified target nucleic acid is 
ihen released from the beads hy cleavage of the PS bond in the cleavahte primer with 0.1 mM 
AgNO,. After 2 |iL oriOO mM dithiothrciiol is added tr. setruester the Ag + ion, the sample is 
evaporated to coyness in a Speed-vac concentrator. Kor analysis, the sample is redUsolved in 
I uL deionized H s 0 and is mixed with 1 uL of matrix solution consisting of 3-HPA 
(3-bydmxypicolinic acid) in acetonitrite:HiO 1:1 . The sample is deposited onto a silicon stage, 
dried under a gentle flow of nitrogen and is placed into the mass spectrometer. 

The experimental apparatus used for analyzing the sample amplified target nuclei* acids 
in composed of an excitation source, a sample manipulator and a TOF mass spectrometer. The 
excitation source used for desorpuon is a Nd:Y/\G laser. The laser is operated nl a 10 Hz 
repetition rate, with a 5 nanosecond pulse width. 'Ihc resorption laser beam maintained at an 
incWent angle of 45 c is focused onto the sample widi a 250 mm focal length AL-2 coated 
spherical itutror to an elliptical spot size of approximately 100 by 150*im. A Clan-laser 
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polari/cr (Newport Corporation, Fountain Valley. CA) is placed in a rotation stage in the beam 
path for continuously variable attenuation, allowing adjustment of the polarized Nd:YAG laser 
energy density fawn below 1 mJ/cm 2 to 100 mJ/cm 2 . The optimum energy density for desorpiion 
is in the range ofiO to 20 mJ/cm 2 - 

Mass spectra arc recorded in positive-ion mode at room temperature. The sample region 
h evacuated by a 300 liter per second turbomolecuiar pump. The drift and detection regions arc 
evacuated using a cryopump with nominal 1500 liter per second pumping speed. The base 
pressure of the chamber is 3 % 10* Torr, and the normal working pressure, within about five 
minutes of sample introduction, is S x 10" 8 Torr, A total of 100 laser shots are summed to obtain 
a spectrum. The spectrum shown in FIG. 13 reveals two clear peaks corresponding to an 84-rner 
and a 9! -mer. which are the expected product sizes corresponding to 8 and 9.3 repeats with one 
extra adenine base added lo the 3'-end of each, d:ic ?o the welUknown property of Taq [>NA 
polymerase to yield onc-bnse over-extensions. The two peaks arise because the final sample, 
1 hough single-stranded, derives from amplification of a heterozygous allele. 

Example 6. Comparison of mass spectra for a single-stranded amplified THOl ladder of 
nucleic arid* and a single-stranded amplified THOl ladder that have had their lengths 
reduced by endonucleasc cleavage. 

A 1 |iL sample of THOl ladder (Promega Inc., Madison, WI) which contains PCR 
products ranging, in size from 17v*-201 bp is rcumplificd in ;$ 100 pL reaction volume recording 
to die same amplification protocol iis described above for genomic DNA » yield a ladder of 
products in the size range of 90-1 14 bp. One half of the product mixture (amplified lajyet 
nucleic acids) is bound to streptavidin-coatcd magnetic beads, denatured, washed and cleaved 
from the beads *u> described in the previous example. The other half of the product mixture is 
then bound to the streptavidin-coated magnetic beads and washed. Then, 2 \xL uf 10X NEB 
Buffer 4 is added to the second half of the amplified target nucleic acids, foliowcd by the 
addition of 16 uL of H 2 0 and 20 units of Ncv I restriction endonuclease (New England Biolabs, 
Dcvcrly, MA) recogni7ing CCATGG. This restriction endonuclease was chosen to reduce the 
length of the amplified target nucleic acid because the amplified target uucleic aciri contained a 
Neo 1 recognition site (in the wild type or consensus sequence) which was JouaLeU in a flanking 
region and n tin the region of interest. 'l*he mixture is incubated at 37°C for I hour after which 
the enzyme is washed away, the amplified targci nucleic acids are bound through hiotinyiauid 
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priihers, denatured, washed and single-stranded amplified target nucleic acids are then cleaved 
from the beads with AgNO.,. The restriction enzyme-digested ladder lias a size range of 40 u> 64 
bases as a result of the enzyme cutting 3 bp past the end of the final CATT repeat Samples of 
bolh undigesied'tulMength and digested/reduccd-lttlgth products are prepared for mass 
spectrometry analysis by reducing the volume by evaporation and adding I p.T, of 3- 
hydroxypkolinic acid matrix solution and allowing to dry on the sample plate. The resulting 
positive-ion mass spectra of the undigested and digested ladders are shown in FtG. 14 find 
FIG, 15, respectively. The mass resolution of the peaks for the digested ladder (FIG. 1 5) is much 
greater than that for the undigested ladder (FIG, 14). This is due to tlie use of Nco I to reduce the 
length of the single-stranded amplified target nucleic acids that were subjected lo mass 
spectrometry analysis. 

Example 7. Muss Spectrometry' Analysis* 

The single-stranded amplified target nucleic acid sample to be analyzed is typically 
mixed with an equal volume til matrix solution consisting of 0 5 M 3-hydroxypicoUnic acid (3* 
HPA) and 50 mM diammontum hydrogen ciiraie. Typically, £ I \xL portion of the sample is 
applied to the mass spectrometer sample stage and allowed to dry under a gentle stream of 
nitrogen gas at room temperature When the sample has completely dried to form crystals 
(typically 5 mm.} the sample is inserted inco the mass spectrometer for analysis. Ihc usual 
analysis conditions employ the use of a Nd:YAG User operating at 266 nm with an average pulse 
energy of 15 mJ/cnr. An average of 100 laser shots is typically used Co obtain a spectrum. 

All publications and patent applications mentioned in this specification ate herein 
incorporated by reference lo the same extent as if each individual publication or patent 
application was specifically and individually indicated m be incorporated by reference. 

Hie invention now being fully described, it will be apparent lo one ofordinary skill in the 
art that many changes and modifications can be made thereto without departing from ihe spirit or 
scope of the invention and the appended claim*. 
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SEQUENCE LISTING 



{1/ GENERAL INFORMATION: 

•:i> APPLICANT: 

(A) NAME: GENEikACH" SYSTEMS. INC. 

IB) STREET: 233 Raven«wood Avenue, FN 063 

(C) CITY j Manic Park 

(D) STATE; CA 
<E> COUNTKY; OS 

(P) POfitAL CODE (ZIP) : «i4025 
(G) TELEPHONE! <SJ2) 41B*30O0 
!H> TELEFAX: {713) 769-2679 

(ii) TITLE Or INVENTION: METHODS OF PRE PARING NUCLEIC ACIES FOR MASS 
SPECTRQKBTRlC ANALYSIS 

tiiij NUMBER Or SEQUENCES: 2. 

Uv: COMPUTER UEADA3.\,E FORM: 

(A) MKCira TYPE: Floppy disk 
(U> COMPUTER: ThM PC compatible 

rCJ OPERATING SYSTEM; PC -DOS /MS C<tt 

<D) SOFTWARE: Pat«ntln Release il.O. Version #1.30 -EPC) 

•!VL) PRICK APPLICATION DATA: 

iA) APPLICATION N14UER, US 0d/7£9,<l93 

(B) FILTNG DATE; 02-DFC-1935 

(Vi: PRIOR APPLICATION DATA: 

(A) APPLICATION IHHKRs r JS *0/C32..1<y 
(II) FILING DATE : 02 DRC-1936 

(Vi> PRIOR APPLICATION DATA: 

IA) APPLICATION NUMBER- US OB/715. 58;, 
(10 FXLXNG DATS ! IS SEP-1996 



(2j INFORMATION FOR fiFg id NO : 1; 

ti) SEQUENCE CHARACTERISTICS: 
W length: banc pairs 
{BJ TYPE; cucleJc acid 

(C) STRAHDfcDKESS : single 
(E) TOPOLOGY : linear 

fix) FEATURE: 

(A) NAME/KRY; mLBC_ tieature 
;8) LOCATION:! 

CD) OTHER INFORMATION: /note = M S' end is biotir.ylated" 

(ix) FEATURE: 

(A) NAME /KEY; rwiif ie<i_bas« 
(R) LOCATION; 20 

(D) OTHER INFORMATION: /note-. - 5 - -thio cbytnidinp- 
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Ixi) fltJQUENCE DESCRIPTION : SSQ ID NO: 1: 
GTGATTCCCA TTGGCCTGTT CCTC 



<2) INFORMATION FOR SfcQ ID WO: 2: 

<i> SEQUBKC£ CJttRACTERISTXCS: 
<A) -LENGTH : 2* bane pairs 

TYPE; nucleic acid 
(CJ STRWDEDNESfl ; single 
(Dj TOPOLOGY • linear 

ixi) SEQUENCE DESCRIPTION: SED ID KOi 2: 



AOTGCAGGTC ACAGGGAACA CA3A 



21 
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1 A method of determining the mass of a targeL nucleic acid by mass spectrometry analysis 
comprising: 

a) identifying a target nucleic arid, wherein the target nucleic acid comprises a 
region of interest and one or more flanking regions; 

b) reducing the length of the target nucleic acid by cleaving at least a portion of <mc 
or more of said flanking regions lo produce a reduced-length target nucleic acid; 

c) obtaining a single-stranded reduced-length target nucleic acid; and 

d) determining the mass of the single-stranded reduced-length target nucleic acid 
using a mass spectrometer. 



2. The method of claim I , further comprising amplifying the target nucJcic acid prior tc 
T 5 reducing the length of the target nucleic acid to produce un amplified target nucleic acid. 



3 . The method of claim 2, wherein the reducing step comprises using a restriction 
endonuclease capable of cleaving at a cleavuble site. 

20 

4. The method of claim 3, wherein the restriction endonuclease h a Type US restriction 
endonuclease. 

25 

5 . The method of claim 3, wherein the restriction endonuclease is a Type II restriction 
endonuclease. 



30 6, The method of claim 3, wherein the amplifying .step comprises using a deavablc primer 
comprising a recognition -rite for the restriction endonuclease. 



W09&I235S PCl7US97/m01 
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7. The method of claim 2, wherein the amplifying step apprises using a clcavabie primer 
comprising a clcavabie site. 



8. The method of claim 7, wherein the reducing step comprises treating the amplified targei 
nucleic acids with a 5' to 3' exonuclease. 



10 9. The method of claim 7, wherein the reducing step comprises cleaving at a chemically 
cleavable site. 



I Q. Ihc method of claim 9, wherein the chemical ly clcavabie site comprises a iraidiaed base. 
1 5 a modified sugar, or a chemically cleavabfe group Incorporated into the phosphate backbone. 



II. The method of claim 1 0. wherein the chemically clcavabie site comprises a chemicalli 
clcavabie group. 



20 



25 



12. The method of claim 1 1 , wherein the chemically clcavabie group comprises 
diaUtoxysilane, 3'-(S)-phosphuroihioatc t 5'.(S>phosphorothioatc, 3'-(N)-phosplK>mamidatc, or 
5*-(N>phosphonKunidate, 



13. The method of claim 12, wherein the chemically clcavabie group comprises 3'-(S)- 
phosphoruthioate or 5'-(S)-pho8phorotbioate. 



30 



14. The method of claim 1 0, wherein the chemically deavatte site comprises a modified 
sugar. 



WOW12355 



51 



FCT/US97;i7!0l 



1 5. The method of claim 1 4, wherein the modified sugar comprises rihose. 



16. The method of claim 2, wherein the amplified uirget nucleic acid further comprises a first 
strand and a second complementary strand and (he obtaining step comprises: 

a> attaching the firsr strand of ihc amplified turret nucleic acid to a solid support; 
and 

b) separating the first strand from the second strand in produce a bound firsi strand 
and an unbound second Nirand, wherein the mass of the unbound second strand is 
determined u.sing a mass spectromeier. 



1 7. The method of claim 1(5, wherein the reducing step comprises uniw a restriction 
cndonucEcase capable of cleaving at a cicavabJe site. 



1 S. The meihud of claim 1 7, wherein the restriction endonuclcase is a Type IIS restriction 
endonuelease. 



19. The method of claim 1 7, whciein the restriction endunue lease is a Type J[ restriction 
endonucJease, 



20. The method of claim 1 7, wherein the amplifying step further comprises using a clea vuble 
primer comprising a recognition site for die restriction endonuclease. 



21. The method of claim 16, wherein the amplifying step Anther comprises using a cleavable 
primer comprising a cleavable site. 
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22. Th.mc.hod of claim 21, wherein the reducing step comprise* treating ,he ampli£i«l 
target nucleic acids with a 5' lo 3" cxonuclcase. 

5 



23. J* method of claim 21. wherein rh e cleave site emprises a chumtcdiy cleavablc site. 



10 24. The method 0 f claim 23, wherein the chemically cieavabJc site comprises a modtfed 
base, a modified sugar, or a chemically clcavablc grtm F incorpomtcd inco the phosphate 
backbone. 



15 25. The method of claim 24, wherein the chemically cieavable site comprises a chemically 
clcavablc group. 



26. The method of claim 25, where* the chemically cleavable group comprise* 
20 oiaJkoxysilane, 3'-(S)- P hn 3p ho m thio a tc ^(Sj-phosphorothioate. S^pho^amldate. or 
5'-(N)-phosphoraamidate. 



27. The method of claim 26, wherein the chemically cleavable group comprises 3'-(S)- 
25 phospijorothioateorSHShJhosphorothioate. 



28, The method of claim 27, wherein the first strand is biotinylatcd and, wherein the solid 
support contains avidin or streptavidin. 
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29. The method of claim 2B wherein the amplified tareet nucleic acid comprises a mass- 
modified nucleotide. 



30. The method of claim 25. wherein the chemically cleavablc site comprises a modified 
sugar. 



3 1 Ihc method of claim 30, wherein the modified sugar comprises ribuse. 



32. The method of claim 1 6, wherein the first strand is bioiinylated and, wherein the solid 
support contains avidin or streptsvidii:. 



J3. The method of cla:m 1 6. wherein the amplified target nucleic acid comprises a mass- 
modified nucleotide. 



34. The method of claim 1 6, wherein said dctctraining step further comprises utilizing 
internal self-calibranis. 



35. The method of claim 2, wherein the amplified target nucleic acid comprises a first strand 
and a second complementary strand and the obtaining step comprises: 

a) attaching the first strand of the amplified target nucleic acid to a solid support; 

b) separating the first strand from the second strand to produce a bound first strand 
and an unbound second strand; 

c) removing the unbound second strand; and 

d) releasing the bound first strand from the solid support to produce u single 
stranded reduced-length amplified target nucleic acid for mass spectral analysis. 
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36. The method of claim 35. wherein the releasing step comprises using a cteavable linker. 



S 37. The meihod of claim 35. wherein the reducing step comprises using a restriction 
endonuctease capable of cleaving at a cleavable site. 



38. The method of claim 37, wherein the restriction cndonuclease is a Type l[S restriction 
10 cndonuclease. 



39. The method of claim 37. therein the restriction cndur-ucleasc is a Type [| resirictlon 
endonuclea.se. 



15 



20 



40. The method of claim 37. wherein the amplify^ step further comprises using a cieavable 
primer comprising a recognition site for the miction endonudca.se. 



41. The method of claim 35. wherein the amplifying step farther comprises usin 5 a cieavablc 
primer comprising a cieavablc site. 



25 42. The method of claim 41, wherein tin: reducing step comprises treating the amplified 
target nucleic acids with a 5' to 3' exonuclease. 



43. The method of claim 4 1, wherein the cleavable site comprises a chemically cleavahle site 

30 
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44. The method of claim 43, wherein the chemically deavaWc site comprises a modified 
base a modified sugar, or * chemically cieavabfe group incorporated into che phosphate 
backbone. 



*5. The method of claim 44, wherein the chemically dcavabfe site comprises a chemically 
cleavable group. 



1 0 46. The method of claim 45, wherein the chemically cleavable group comprises 

dmlkoxysiianc, 3'HS>phosphorothioate. 5--(S).phosphorotJ»oaic. 3V(N)-pho sp ]«,r 0a mid a te, or 
5'-(N)-priospl«iroamtd«tc. 



5 47. Themetljod of claim 46, wherein the chemically clcavabls group comprises 3"-(S)- 
phosphorothioate or 5-(S)-phosphorothioate. 



48. The method of claim 47, wherein the first suanc is biotinylated nnd, wherein (he solid 
0 support contains avidin or strcptavidin. 



49. The method of claim 48. wherein the empljfied target nucleic acid comprises a mass- 
modified nucleotide. 



50. The method of claim 44. wherein the chemically cleavable site comprises a modified 
sugar. 



The meihod of d aim 50, wherein the modified sugar comprises ribose. 
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52. Tlie method of claim 35. wherein the first strand is hiotinylaied and, wherein the solid 
support contains avidin or strcptavidin. 



53. The method of claim 35, wherein tho amplified target nucleic acid comprises a mas* 
modified nucleotide. 



54. The method of claim 35, wherein said determining step further comprises utilizing 
internal self-caiibranls. 



55. A method of preP arin B d double-stranded target nucleic acid for mass spectromelric 
analysis comprising: 

a) amplifying a target nucleic acid to produce on amplified target nucleic acid, 
wherein the amplified target nucleic acid comprises a fa* strand and a second 
complementary strand: 

b) attaching the firsi sirand of the amplified target nucleic acid ki a solid support to 
produce a bound first strand and an unbound second strand: 

c> removing the unbound .second strand from the bound first strand; 
d) releasing the hound first stmnd from the solid support to form a singlc-suanded 
amplified target nucleic acid; and 

c) detemining the mass of (he single-stranded amplified target nucleic acid using a 
mass spectrometer. 



56. The method of claim 55, wherein the releasing step comprises using a cleavable linker. 



57. The method of daim 56, wherein said determining docs not involve sequencing of the 
amplified target nucleic add. 
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58. The method of claim 55, wherein the releasing step comprises using a restriction 
endonue lease capable of cleaving at a cleavable site. 



59. The method of claim 55, wherein the restriction endonuclease is a Type US restriction 
endonue lease. 



60. The method of claim 59, wherein the restriction endonucleasc Ls a Type U resiriciion 
endonuclease. 



6L The method of claim 5£ wherein the amplifying step further comprises using a cleavablc 
primer comprising a recognition she for the restriction endonuclease. 



62- The method of claim 55, wherein the amplifying step farther comprises tising a cleavablc 
primer comprising a cleavablc site. 



63 The method of claim 62, wherein the releasing step comprises treating the amplified 
target nucleic acids wild a 5 1 to 3 1 cxomtclease. 



64. The method or claim 62, wherein the releasing step comprises cleaving at a chemically 
cleavafale site. 
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65. The method of claim 64, wherein the chemically cleavabie she comprises a modified 
base, a modified sugar, or a chemically citable group incorporated ioro the phosphate 
backbone. 



66. The mediod of claim 65. wherein toe chemically eieavnblc site comprise* a chemically 
cleavabie group. 



1 0 67. The method of claim 66, wherein the chemically cleavabie proup comprises 

dialkoxysilane, 3'.(S;-pl iysp horoUiioate, 5'-(S)-pbosphorothi lW (e ( 3-<N).phosphor C amidate, or 
5 4 -(N)-phosphoroamidate. 



1 5 68. The method of claim 67, wherein the chemically cleavabie group comprises 3-(S)- 
phosphorothioate or 5'-(S)-phosphoroihioale. 



69. The method of claim 69, wherein the first strand is bionaylated and. wherein die solid 
20 support contains avid in or streptavidin. 



70. The method of claim 69, wherein the amplified target nucleic acid comprises a mass- 
modified nucleotide. 

25 

71. The method of claim 65, wherein the chemically cleavabie site comprises a modified 
sugar. 



30 

72. The method of claim 71. wherein the modified sugar comprises ribose. 
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73. The method of claim 55. wherein the first strand is biotiiiylaied and, wherein the solid 
support contains avidin or streptavidin. 

74. The method of claim 55, wherein the amplified targel nucleic acid comprises a mass- 
modified nucleotide. 



10 75. The method of claim 55. wherein said determining step further comprises utilizing 
internal sclf-calibrarus. 



76. A kit for preparing a double-stranded target nucleic acid having a first strand and a 
1 5 second complementary .strand for mass spectrometry analysis comprising: 

a) a first primer capable of binding the first strand of the target nucleic acid 5 r to a 
region of interest of the target nucleic acid; 

b) a second primer capable of binding the second strand of the target nucleic acid 5* 
to the region of interest of the target nucleic acid; 

20 c) a DK A polymerase; and 

d) a restriction endonuclease. 

77, The kit of claim 7G t wherein the reslriclion endonocJcasc is a Type II restriction 
25 endoouclease. 



78. Hie kit of claim 76, wherein the restriction endonuclease is a Type US restriction 
endonuclease. 

30 



79. The kit of claim 76, wherein the first primer is biotinylated. 
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80. The kil of claim 76, further comprising a .solid support capable of selectively binding the 
first strand of the target nucleic acid. 

5 



8 1 . The kil of claim 7G % further comprising a matrix. 



10 82. The kit of claim 81, wherein the matrix comprises 34iytiroxypieolinic acid. 



83. A kil for preparing a double-stranded target nucleic acid having a first strand and a 
second complementary strand for mass spectrometry analysis comprising: 
15 a) a first primer capable of binding the first strand of the target nucleic acid 3' to a 

region of interest of the target nucleic acid, wherein said first primer cumprises a cleavable 
primer; 

b) a second primer capable of binding the second strand 5 r tr> the region of interest cf 
the target nucleic acid; and 
20 c) a DNA polymerase. 



84. The kit of claim 83 , wherein the clcavable primer comprise* a chemically cleavable site. 

25 

85 . Hie kit of claim 84, wherein the chemically cleavable site comprises a modified base, a 
modified sugar, or a chemically clcavable group incorporated into the phosphate backbone. 



86. The method of claim 85, whercm the chemically cleavable site comprises a chemically 
clcavable group. 
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87. The kit of claim 86. wherein the chemically ckavable group compmc dtalkoxysibnc, y. 
(SVphosphorotiuoaie. S^Htophftiwhk*^ S^N^hosphoroamidate, or 5'-(N)- 
phosphoroamidaie. 

5 

88. The kit of claim 87, wherein the chemically cleav^ble group comprises .V-(S)- 
phosphorothioale or .V-(S)-phosphoiodtioatt 

'0 

8* The kit of chim 83. wherein lh c clcavaWo primer comprises an sxonucteise blocking 
moieiy. 



15 90. The kit of claim 83 r wherein the cleavabie primer comprises a Type ilS restriction 
endonuclease rccogni (ion site. 



91. The kit of claim 83 further comprising „ solid support capable of selectively binding the 
20 first strand of tin; target nucleic acid. 



92 . The kit of claim 9 1, wherein the first strand is biounylaied. 

25 

93 . The kit of claim 83, further comprising a matrix. 

94. The kit of claim 93. wherein the matrix comprises 3-hydroxypkolinic acid. 
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